WO 2005/077279 



PCT/US2005/004275 



SAFETY SUTURE NEEDLE ASSEMBLIES AND METHODS 

5 CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U. S. Provisional Application No. 
60/542966, filed February 9, 2004, which is incorporated herein by reference in 
entirety. 

10 STATEMENT ON FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
[0002] Not applicable 

BACKGROUND OF THE INVENTION 

[0003] Surgical needles have been used for centuries for human and veterinary 
15 medical purposes such as to close biological tissue that has been separated either 
by trauma or surgical procedure. The surgical needle is used to penetrate tissue for 
the advancement of a suture material in order to approximate the separated tissue, 
in order for the natural healing processes to occur. The surgical needle itself typically 
has a sharpened end, with various sharp tip configurations for the desired effect or 
20 particular tissue. The conventional needle body is made of mainly high strength 
stainless steel and is formed to many dimensions and shapes. There are various 
ways for attaching the suture material such as gluing, crimping, swaging, and 
utilizing shrink wrap type material. The needle is sterilized and packaged to reduce 
the chance of transmission of infection to the surgical or wound site. 

25 [0004] The standard surgical suture needle poses a significantly dangerous 
hazard to personnel, the patient, and the surrounding patient environment by 
increasing risks including potential and actual occurrences of accidental puncture. 
Because of the size of the needle, it is often hard to monitor during surgical 
procedures. The sharp needle point is particularly difficult to visualize from an end- 

30 on perspective. This difficulty can be compounded by poor lighting or the 
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confounding presence of low-contrasting body fluids or foreign matter. The fact that 
the needle is freely handled, manipulated, and positioned at difficult and dangerous 
angles in reference to its sharp tip also contribute to the hazard level. Furthermore, 
considerable forces are often applied to the needle at various points during a 
5 surgical procedure, amplifying the consequences of accidental events. 

[0005] Immediately upon introduction into a sterile surgical environment, the 
surgical needle is a hazard primarily due to the presence of its sharp exposed tip. In 
attempts to address the risks of puncture, a variety of devices such as trays, 
magnetic holders, and cushioned beds for the needle have been introduced for use 
10 in procedures. These attempts, however, are not always utilized because of factors 
including the fast-paced and sometimes chaotic surgical environment in addition to 
inherent limitations on their efficacy. The frequent resting or storing of needles in 
unsafe locations during or following a medical procedure poses a hazard that holding 
devices simply cannot adequately address. 

15 [0006] There have been prior attempts at designing a safer suture needle. For 
example, see US 5236443 to Sontag (1993) and US 6159233 to Matsuzawa (2000). 
In Sontag, the needle utilizes an arch-shaped hump that projects upwards from the 
top middle portion of the needle body. When this needle is held in a needle holder, 
the hump is depressed to allow protrusion of a sharp tip from what is otherwise a 

20 blunted advancing end. Alternatively, Sontag teaches the use of a sliding pin to 
advance a sharp pointed end. For either the hump or pin approach, one 
disadvantage is that the outwardly projecting hump or pin may exert unwanted 
additional dilation upon the tissue that is being penetrated. A second disadvantage 
is that the hollow distal end that is supposedly blunted while the sharp tip is retracted 

25 can still pose a puncture hazard similar to that of a hypodermic needle. 

[0007] The Matsuzawa patent utilizes a surgical needle type device with a blunted 
projection tip operating on principles comparable to an electrocautery unit. As the 
needle device contacts tissue, a high frequency current passes through the device, 
thereby applying high frequency current to the tissue and achieving local tissue 
30 destruction and disruption to effect penetration/incision of the blunt tip of the needle. 
This approach has disadvantages. First, the requirement, maintenance, or 
manipulation of an extensive electrical apparatus comparable to an electrocautery 
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unit may not be conducive to the realistic situations of minor laceration repair in a 
hospital emergency room or urgent care facility or within field operations during 
training exercises or military operations. Second, there may be less than ideal 
effects for particularly delicate tissues due to the expected destructive action. Third, 
5 the complexity of the device may require considerable training and experience to 
actually realize a desired minimal level of tissue destruction. 

[0008] A general difficulty of suture needles with blunted tips is that their 
utilization may be better for closure of certain tissues such as muscle or particular 
fascia and not more widely applicable to other tissues. When applied to closing 

10 tissue of a denser consistency, the force that is exerted to advance a blunt needle is 
greater than that needed for a sharper instrument. This greater force becomes an 
additional hazard to the medical personal and/or patient; for example, such force can 
induce excessively unnecessary trauma to the tissue being treated. The greater 
force can also lead to tissue penetration more abruptly than expected and increase 

15 the risk of inadvertent needlestick injury to operating personnel. 

[0009] Despite attempts to address problems such as suture needle stick injuries, 
there has not been enough practical improvement. Recent government activity 
acknowledges the persistent problem of such injuries. Since 1998, at least 21 U.S. 
states have passed needlestick prevention legislation. It is highly desirable to strive 
20 for ways to achieve lower incidence of harmful events and the related cost. There is 
a significant need for the development of safe and effective devices and methods 
relating to suture needles. 

SUMMARY OF THE INVENTION 

25 [00010] In general the terms and phrases used herein have their art-recognized 
meaning, which can be found by reference to standard texts, journal references and 
contexts known to those skilled in the art. The following definitions are provided to 
clarify their specific use in the context of the invention. 

[0001 1] When used herein, the term "activator" refers to a mechanical element 
30 capable of regulating another mechanical element. For example, an activator or 

activation mechanism can act on a connected extension shaft and/or sheath so as to 
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change the ultimate position or configuration of the sheath. In another example, an 
activator can be unitary with respect to a sheath or a sheath and extension. 

[00012] When used herein, the term "initiator" refers to a component capable of 
inducing or triggering another device element. For example, an initiator or initiating 

5 mechanism can act on an activator to induce activator function. In a more detailed 
example, energy input, e.g. in the form of heat or electricity, serves as an initiator 
which in turn influences or alters a property of an activator, which can further lead to 
an action such as a retracted sheath in the form of a loop flipping out to assume a 
protective position with respect to a sharp aspect of a sharp object, such as over a 

10 sharp end of a needle. 

[00013] When used herein, the term "sheath" or "sheathing body" or "sheathing 
assembly" refers to a shield, guard, deflector, or other extending, projecting, or 
protective piece that is capable of at least partially obstructing access to an item or 
portion of an item such as the sharp tip of a suture needle. The term can 
15 encompass a sheath mechanism. The term can include a sheath that is unitary with 
a sheath extension mechanism or projection mechanism. 

[00014] When used herein, the term "blunting mechanism" refers to a component 
or means that reduces the sharpness of an initially sharp needle point or tip. In an 
embodiment, the blunting mechanism can be an object with at least one blunt end 
20 such as a rod, bar, wire, or means for blunting. In a particular embodiment, the term 
can be coextensive with a sheath. 

[00015] When used herein, the term "shape memory alloy" refers to an alloy 
material capable of undergoing substantial plastic deformation and capable of being 
induced to return to a substantially original shape. The triggering or inducing can 

25 occur by the introduction of energy such as in an initial form of heat or electrical 
energy. The term refers to a reversible solid-state phase transformation from 
austenite to martensite on cooling (or by deformation) and the reverse transformation 
from martensite to austenite on heating (or upon release of deformation). In an 
embodiment, the shape memory alloy is a binary, ternary, quaternary, or higher 

30 order alloy. In an embodiment, a shape memory alloy type is Titanium-palladium- 
nickel, Nickel-titanium-copper, Gold-cadmium, Iron-zinc-copper-aluminium, Titanium- 
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niobium-aluminium, Uranium-niobium, Hafnium-titanium-nickel, Iron-manganese- 
silicon, Nickel-titanium, Nickel-iron-zinc-aluminium, Copper-aluminium-iron, 
Titanium-niobium, Zirconium-copper-zinc, Nickel-zirconium-titanium, or other alloy. 
In a preferred embodiment, a shape memory alloy is nickel-titanium, also referred to 
5 as a generic trade name, nitinol. In an example, nitinol can be nickel-titanium 
filaments that contract when electrically powered or heated. 

[00016] When used herein, the term "shape memory plastic" or SMP refers to a 
plastic or polymer material capable of returning to a preformed shape when the 
material is properly formulated and treated as known in the art. An example of an 
10 SMP is a polymer system of shape-memory polymer networks based on oligo- 
(espison-caprolactone) dimethacrylate as crosslinker and n-butyl acrylate as 
comonomer (Lendlein et al., PNAS 2001 98: 842-847). The term can also 
encompass certain elastic memory composites. 

[00017] When used herein, the term "suture" is broadly intended to encompass 
15 any product as known in the art used to close wounds or connect tissue. The term 
includes any strand of material used to ligate (tie) blood vessels or approximate 
tissues. 

[00018] When used herein, the term "armed" generally refers to a state where the 
sharp aspect or point of a sharp object is exposed and readily available to carry out 
20 its desired function (such as penetration of tissue for a suture needle). Analogously, 
the term "disarmed" generally refers to a state where the sharp aspect is sheathed 
(including shielded or guarded) or blunted. The states can be either permanent or 
temporary. 

[00019] The following abbreviations are applicable. DS, drawing sheet; SMA, 
25 shape memory alloy; NiTi, nickel-titanium. 

[00020] It is recognized that regardless of the ultimate correctness of any 
mechanistic explanation or hypothesis, an embodiment of the invention can 
nonetheless be operative and useful. 

[00021] In an embodiment, the invention provides a suture needle assembly, 
30 comprising a suture needle and an activatable sheath. In an embodiment, said 
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sheath is activatable by electricity. In an embodiment, said sheath is activatable by 
heat. 

[00022] In an embodiment, the invention provides a suture needle assembly of 
claim comprising a suture needle and an activatable sheath, wherein said needle 
5 comprises a first tissue penetration end and a second end for suture attachment, an 
external casing and an internal compartment, an outer surface along a longitudinal 
axis of said external casing, a sheath activator disposed inside said casing and 
electrically or thermally responsive to said casing, and said activatable sheath 
operatively connected to said sheath activator; wherein a portion of said sheath is 
10 capable of reaching a protective position proximal to said first end of said needle. 

[00023] In an embodiment, said sheath activator comprises a shape memory alloy 
component or shape memory material component. In a particular embodiment, said 
shape memory alloy component is nitinol. 

[00024] In an embodiment, said sheath further comprises a catch point, notch, or 
15 securing means for maintaining said sheath in an activated position upon activation. 

[00025] In an embodiment of the suture needle assembly, the sheath activator 
comprises a shape memory plastic component. In an embodiment, the sheath 
comprises a shape memory alloy or shape memory plastic. 

[00026] In an embodiment, the invention provides an above suture needle 
20 assembly further comprising an initiator of said sheath activator, wherein said 
activator is capable of receiving energetic exposure from said initiator. In an 
embodiment, said initiator comprises a source of heat or electricity. 

[00027] In an embodiment, the external casing comprises a first outer surface 
portion and a second outer surface portion capable of forming an electrical circuit. 

25 [00028] In an embodiment, the activatable sheath and said activator are unitary. 

[00029] In an embodiment, the invention provides a suture needle assembly as 
described herein, further comprising an extension shaft connected at a first end to 
said activator and connected at a second end to said sheath. 
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[00030] In an embodiment, the invention provides a suture needle assembly as 
described herein with an activatable sheath that is reversibly capable of activation. 

[00031] In an embodiment, a suture needle assembly with an activatable sheath, 
and optionally with a reversibly activatable sheath, is provided in an initially armed 
5 configuration. A first activation can then change the initial configuration to a 

disarmed configuration. In another embodiment, a suture needle assembly with an 
activatable sheath, and optionally with a reversibly activatable sheath, is provided in 
an initially disarmed configuration. A first activation can then change the initial 
configuration to an armed configuration. 

10 [00032] In an embodiment, an activatable sheath comprises a hood-shaped shield. 
In an embodiment, an activatable sheath comprises a cylindrical projection. In an 
embodiment, an activatable sheath comprises a loop. 

[00033] In an embodiment, the invention provides a suture needle assembly with 
an activatable sheath wherein said needle comprises a sheath receiving aperture. In 
15 a particular embodiment, said sheath receiving aperture is a groove, notch, or means 
for receiving a sheath. 

[00034] In an embodiment, an activatable sheath is capable of assuming a 
retracted position that is substantially flush along a needle outer surface. 

[00035] The invention provides a suturing apparatus comprising a suture needle 
20 assembly as described above and a needle holder. 

[00036] In an embodiment, the invention provides a suturing apparatus comprising 
an above suture needle assembly and a modified needle holder; wherein the 
modified needle holder comprises a first holding tip and a second holding tip, and the 
first and second holding tips are energetically connected to an energy source; and 

25 wherein the first holding tip and second holding tip are capable of contacting a first 
and a second needle assembly energy contact surface, wherein said contact 
surfaces are energetically contacted to said activator of said needle assembly, and 
wherein said holding tips are capable of delivering energy to said contact surfaces. 
In an embodiment, the energy source is electricity. In an embodiment, the energy 

30 source is heat. 
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[00037] In an embodiment, the invention provides a method of reducing a 
probability of an accidental suture needle puncture event comprising; providing a 
safety suture needle as disclosed herein, performing a suturing procedure, activating 
an electrically or thermally responsive sheathing mechanism of said needle so as to 
5 move a sheath of said needle into a protective position with respect to a sharp tip of 
said needle; thereby reducing a probability of an accidental suture needle puncture 
event. 

[00038] In an embodiment, the invention provides a method of suturing, comprising 
providing a safety suture needle as disclosed herein and performing a suturing 
10 procedure with said safety suture needle. 

[00039] In an embodiment, the invention provides a modified needle holder, 
comprising a needle holder having a first holding tip and a second holding tip, each 
electrically connected to a power source and capable of delivering electricity. In an 
embodiment, the modified needle further comprises a control switch or means for 
15 circuit regulation. 

[00040] In an embodiment, the invention provides a suturing kit comprising a 
suture needle assembly as disclosed herein and suture material. In an embodiment, 
the invention provides a suturing kit comprising a suture needle assembly as 
disclosed herein, a needle holder, and suture material. In an embodiment, the 
20 invention provides a suturing kit comprising a suture needle assembly as disclosed 
herein, a modified needle holder, and suture material. 

[00041] In an embodiment, the invention provides a suture needle comprising a 
unifying element, wherein the unifying element is either continuously connected to a 
needle casing or connected at multiple points thereto, wherein said unifying element 
25 comprises a shape memory material component and is capable upon a fracturing 
event of said needle casing of preventing dissociation of a needle part from another 
needle part or the remainder of the needle body. In an embodiment, the shape 
memory material component is a shape memory alloy; in a particular embodiment 
the shape memory alloy is nitinol. 

30 [00042] The invention provides a safety suture needle assembly and mechanism 
with sharp tip point sheath or blunting extension. The invention provides a 
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mechanism of activation for the sheath or blunting extension comprising a Shape 
Memory Alloy assembly, methods of construction, and variations thereof. The 
invention provides a safety suture needle mechanism activator in the form of a 
modified needle holder. The invention provides such an activator in the form of an , 
5 assembly to be attached to an existing needle holder. Variations on modes of the 
activation mechanism are also included. The invention provides an optionally 
1 reversible mechanism of activation for a sheath or blunting extension. 

[00043] A problem can exist with suture needle devices in that due to physical 
properties (e.g. size, material properties, instrument shape, manufacturing processes 

10 and/or treatments) and the forces occasionally applied to the devices. For example, 
conventional needle devices can fail by breaking or snapping under certain 
conditions. In embodiments of the present invention, the overall device can at least 
partially facilitate the function of holding external broken pieces of the needle body 
together. This function can be due to one or more factors including an internal 

15 mechanism, design, and/or construction. The function can aid in the prevention of 
allowing broken pieces to fall or lodge within a particular body tissue and adversely 
affect the health or comfort of a patient or instrument user. In an embodiment, 
device components are attached along the longitudinal axis of the needle body, so 
that if a sufficient force were applied upon the needle approximating a point of 

20 mechanical failure, one or more internal components can keep the external body of 
the needle together so as to prevent the separation of the broken parts from a point 
of connection to the device. 

[00044] The invention provides a method of suturing comprising providing a suture 
needle assembly device, performing a suturing procedure, and activating a suture 
25 needle sheath. 

[00045] The invention provides a method of preventing or reducing the incidence 
of transmission of body fluid borne pathogens to a patient or a person conducting a 
medical procedure with a sharp object. In an embodiment, the sharp object is a 
suture needle. The invention provides a method of preventing or reducing the 
30 incidence of unwanted punctures of a sterile surgical environment caused by sharp 
medical objects. 
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[00046] In an embodiment, the needle itself comprises a Shape Memory Alloy 
(SMA) sheath mechanism. In an embodiment, the SMA sheath mechanism is 
capable of activation. In an embodiment, the activation for a SMA mechanism is 
achieved by ohmic or thermal heating of the SMA material. In an embodiment, the 
5 needle itself is at least partially composed of an SMA mechanism. 

[00047] A general figure for an embodiment of the present invention is illustrated in 
Figure 1. The body as a whole is designed for the penetration of tissue and utilizes a 
mechanism for the sheathing/blunting of the sharp distal end (Fig. 3-8). In an 
embodiment, the sheathing/blunting mechanism is activated by an external source 

10 (e.g. Fig 2.1 A, 2A) by using a Shape Memory Alloy (SMA) material assembly. 
Several variations of the activation mechanism and SMA material assembly are 
presented. In a particular embodiment, a variation is selected or preferred due to 
factors such as the overall small size of the SMA assembly, manufacturing of 
components, and assembling (fitting together, by hand or machine assistance) of 

15 pieces at a small device scale. The variations presented can be applicable and can 
be adapted or utilized based on manufacturing techniques as known in the art. 

[00048] In preferred embodiments, there are generally two designs demonstrating 
utilization of the properties of the SMA mechanism. A useful characteristic of an 
SMA such as nitinol (nickel-titanium alloy) is to contract when heated either directly 

20 or by ohmic heating through the passage of electricity. A second useful property is 
the ability of the SMA (e.g. nitinol) to return to a preformed shape after treatment 
such as by heating. The first characteristic gives the opportunity to incorporate a 
reversible or on/off mechanism into the general design, or an at-rest and contracted 
state utilized in said mechanism. In an embodiment, the ability of nitinol to deform, 

25 for example by contracting from about 6% to about 10% of its overall initial length , 
upon heat treatment, is applicable to a reversible on/off mechanism. In an 
embodiment, the deformation ability is applicable for an extended/retracted form, 
with the application of an extension spring. In an embodiment, after the heating 
process and when the Nitinol cools, the extension spring can apply force to stretch 

30 the nitinol towards its original elongated shape. 

[00049] The second characteristic of nitinol to return to a preformed shape is 
applicable to a mechanism of activation with an operator permanently or 
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continuously activating the assembly. In an embodiment, activating the assembly 
allows the preformed wire to move from a deformed shape to its original shape. In 
an embodiment, the nitinol assembly returns to a preformed elongated form, thereby 
linearly extending the said blunting/sheathing mechanism in order to cover and/or 
5 guard the sharp point of the suture needle. The contraction of an SMA assembly 
through ohmic heating can be achieved by the administration of electrical current 
through a needle holder. Examples of a needle holder and variations are shown in 
Figure 2. 

[00050] In an embodiment, a needle holder comprises two electrical contact tips. 

10 A first electrical contact tip is routed and appropriately insulated to serve as a 

positive terminal. A second electrical contact tip is analogously routed and insulated 
as a negative terminal. In an embodiment, said first and second tips are capable of 
forming a circuit. In an embodiment, the needle holder can make contact with a 
suture needle of the invention, for example corresponding to a positive needle 

15 contact point or side and a negative needle contact point or side. The needle is 
integrated with a sheathing/blunting mechanism and activation mechanism. Thus 
when the needle holder is in operative (e.g., electrically conductive) contact with the 
neec l) ej the circuit is capable of delivering power to the activation mechanism. In an 
embodiment, transmission of electrical current to the SMA results in the desired 

20 characteristic of contraction or shape memory return. In a particular embodiment, 
the sheathing blunting mechanism and activation mechanism are unitary. 

[00051] In an embodiment, the invention provides devices and methods designed 
to prevent the unwanted puncture or penetration of tissue and/or material (e.g. 
draping, gowns, masks, other clothing, etc.) relating to a surgical environment that 
25 aspi rationally is sterile. The devices and methods, however, are not necessarily 
confined only to surgical situations but can be useful for other applications. For 
example, the linear projection of a sheath to obstruct or provide the protection of a 
blunt barrier near a sharp tip can be utilized for objects other than needles. 

[00052] For the particular embodiment of suture needle applications, a benefit is to 
30 prevent the transmission of body fluid borne pathogens from a patient to a person 
conducting a medical procedure. The prevention of transmission is manifested 
through the introduction of a sheathing body which guards the sharp needle tip, 
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thereby protecting a worker from accidental penetrating exposure. The term 
sheathing body is widely used in this context; certain embodiments for sharp point 
protection, however, utilize a blunting effect or a deflector type assembly to warn the 
operator of the said device and of the relation of the operator to the close proximity 
5 of the sharp point. For example, an operator can be warned by minimally harmful or 
non-harmful contact with the sheathing body. Under common conditions the force 
actually exerted during an accidental puncture is low, such as due to snagging or 
inadvertently brushing up directly against the sharp point. The deflector type design 
is expected to significantly aid in preventing the occurrence of an accidental puncture 
10 by deflecting contact with the sharp point. 

[00053] In an embodiment, the needle body described and illustrated herein is of 
the conventional suture needle design. In a particular embodiment, the needle body 
has the generally existing round variety. The devices and methods of the invention 
can be adapted and applied to other needle shapes. The devices and methods of 
15 the invention can be modified to accommodate tip variety and/or needle body shape; 
for example, the basic functional shape and design of the said sheathing 
mechanisms and mechanisms of activation can be so modified. 

[00054] The devices and methods of the invention are adaptable to other 
assemblies capable of being sheathed (e.g. shielded, blunted, etc.) for example by 
20 extension or projection near or over a sharp aspect of a sharp object. Embodiments 
of the invention are therefore widely applicable for precision processes or protection 
from sharps such as with trocars, razors, hypodermic needles, and the like. 

[00055] An embodiment of the invention is illustrated in Figure 1. Fig. 1 shows a 
general needle body with an inner cannula 1D, an outer main body 1C, a needle tip 

25 1A, and suture material 1B. Figure 11 is used to denote the sheath blunting or 
projection of an assembly which is further described in Figures 9B and 9D to 
illustrate an activation mechanism (optionally reversible) and the blunting effect and 
location of a general sheath for sharp point protection. Figure 1L represents an 
example of the cold phase of the shape memory alloy component. Figure 1K 

30 represents the application of electricity to a mechanism of activation (e.g., the shape 
memory alloy component). Figure 1 J represents the application of heat to the said 
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mechanism of activation. Heat can be applied by exposure to a heat source such as 
heated water, a hot plate, fire, induction, and other means. 

[00056] In an embodiment involving a needle holder variation, there can be an 
integrated delay feature, for example to allow the needle holder to continue to supply 

5 energy (e.g. heat or electricity) for a period of time after an operator has released a 
regulatory mechanism (e.g. a control switch). Such an embodiment is useful to 
account for the time necessary for the suturing needle to pass through a tissue being 
sutured when it may be practically difficult or inconvenient for a device operator to 
maintain continuous contact with a regulatory mechanism. In another embodiment 

10 the suture needle assembly can incorporate an opposing force/rebound tension 
system that allows a slower activation to address the time issue. In another 
embodiment, an override switch is included in the needle assembly in operative 
contact with the activation mechanism; when the override switch is in operative 
contact with the needle holder contact points, the needle assembly is maintained in 

15 the activated configuration which can be an armed or disarmed state. 

[00057] In an embodiment, a basic explanation of the operation is as follows. The 
needle instrument can be in a first state that is a resting state. In this first state, the 
default is for the sheath to be in a first position that is a protective position with 
respect to a sharp tip of the needle. The resting state is in part attributable to the 
20 application of a substantially constant first force exerted upon a shape memory alloy 
component. In an example, the first force is achieved by means of a spring. Upon 
application of a second force to the shape memory alloy component, the activation 
mechanism (of which the shape memory alloy component can be integral) is 
triggered, thereby allowing the sheath to move to a second position which is a non- 
25 protective position. In a particular embodiment, the second force is related to energy 
input from heat or electricity. The application of the second force is able to 
overcome the still existing effects of the first force and thus maintain the needle in an 
activated state. By temporary or permanent suspension of application of the second 
force, the first force is no longer overcome, thereby allowing a return of the needle 
30 instrument to a resting state. Certain embodiments of the invention can therefore be 
reversible. 
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[00058] In an embodiment of the invention, the initial state can be determined to be 
an activated state with the second state being a resting state. For example, the 
initially activated state can correspond to the needle being in an armed configuration 
with the available sheath not providing substantial protection against contact with the 
5 tip by a worker. Alternatively, the initial state can correspond to the needle being in a 
disarmed configuration. 

[00059] In an embodiment, the sheath activation mechanism (optionally integrated 
with a sheath extension or projection mechanism) is activated by heating. A heating 
source can be selected depending on the characteristics of the activation 
10 mechanism desired and the relative ability and cost effectiveness of producing such 
an assembly. 

[00060] In an embodiment, the present invention is not limited to the use of the 
material nitinol as the sole material for the actual activation of the needle assembly. 
Other technology is adaptable for use with devices and methods of the invention and 
15 can include micro-pizeo electric actuators, electro active polymers, shape memory 
plastics, micro-pistons, and other means of micro-linear activation. For example, the 
activation mechanism or sheath extension/projection mechanism can incorporate 
one or more of these means. 

[00061] In particular embodiments of the invention, one or more objects and 
20 advantages are achieved. In an embodiment, the invention provides multiple ways 
to configure or construct a sheathing assembly. These ways can be optionally 
influenced by an assessment of factors such as desired manufacturing techniques 
and possibilities, and consumer needs and preferences. In an embodiment, the 
invention provides multiple ways to configure or; construct a mechanism of activation. 
25 In an embodiment, the invention provides multiple ways to construct the needle 
embodiment which can optionally be preferred according to concerns regarding 
manufacturing means, processes, materials, methods, and consumer preferences. 
In an embodiment, the invention provides multiple ways for activating the needle 
body safety suture mechanism. 

30 [00062] In preferred embodiments, the invention provides two general forms for the 
sheathing/blunting assembly to act in a protective manner: (a) to arrive safely 
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disarmed to the consumer with the capacity to be armed and with the said on/off 
characteristics, or (b) to arrive to the consumer armed, until the point where the 
operator of the device chooses to disarm the needle, thereby rendering it relatively 
safer (optionally from that time forward). 

5 [00063] In an embodiment, a suture needle assembly has a linear hollow shaft 
internally disposed along a longitudinal axis of the needle body, and the needle tip 
itself is constructed to accept or be in operative connection with a sheathing/blunting 
mechanism. It is recognized that in comparison to a conventional suture needle that 
is curved, the referenced longitudinal axis for a needle body of the present invention 

10 can be a curved/arcuate longitudinal axis. The needle body itself is designed to 
allow the application or insertion of a mechanism of activation. The mechanism of 
activation is designed according to desired possible functions. In an embodiment, a 
method of activation for a linear projection assembly can utilize one or both of two 
options including ohmic heating and thermal heating. Various factors can determine 

15 the optimality for a particular embodiment or application. 

[00064] In an embodiment, the attachment, assembly, and 
manufacture/construction of all parts can be performed using knowledge of one of 
ordinary skill in the art (e.g. regarding welding, crimping, gluing, joining, grinding, 
drilling, laser cutting, forging, photoelectric construction, fabrication and manipulation 
20 of shape memory materials including shape memory alloys and/or shape memory 
plastics, except where specified. Various molding technologies such as injection 
molding is applicable for liquid metals and plastics. 
i 

[00065] In an embodiment, a particular exception can be noted for use of ohmic 
heating in relation to the needle body for operation of the invention according to its, 

25 the needle body is designed and constructed so as to allow the free transmission of 
electricity to the mechanism of activation. In a preferred embodiment, the design 
and construction encompasses materials so as to allow the activation mechanism to 
be electrically insulated. A power source can be located within or externally 
appended or connected to a needle holder. As would be understood in the art, in an 

30 embodiment the power source can contain a pulse width modulation circuit or other 
control mechanism, e.g. to regulate the amount of current so as to conserve power 
consumption and also prevent overheating of the activation mechanism (e.g. SMA) 
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assembly. In an embodiment, electrical precautions can also be included to 
minimize the safety or comfort risk of exposure of a worker or patient to electricity. 

[00066] In an embodiment, one or more of the following can be unitary and made 
of nitinol: a sheath, sheath extension shaft (extension), and activator; a sheath and 
5 extension; and an extension and activator. 

[00067] In an embodiment, devices and methods of the invention are readily 
adaptable to suture needles that have a cross-sectional geometry other than round. 

[00068] In an embodiment, a needle of the invention is supplied in a preset 
configuration where the needle is armed and is reversibly activatable to a disarmed 
10 configuration. In an embodiment, the preset armed needle is once activatable to the 
permanently disarmed configuration. 

[00069] In an embodiment, a needle of the invention is supplied in a preset 
configuration where the needle is disarmed and is reversibly activatable to an armed 
configuration. In an embodiment, the preset disarmed needle is once activatable to 
15 the permanently armed configuration. 

[00070] Separate embodiments of the invention are also intended to be 
encompassed wherein the terms "comprising" or "comprise(s)" or "comprised" are 
optionally replaced with the terms, analogous in grammar, e.g.; 
"consisting/consist(s)" or "consisting essentially of/consist(s) essentially of to 
20 thereby describe further embodiments that are not necessarily coextensive. 

BRIEF DESCRIPTION OF THE FIGURES 

[00071] Drawing Sheet 1 (DS1); Fig. 1 illustrates an overview of a suture needle 
with references to related figure sets. 

25 [00072] DS2; Fig. 9A to Fig. 9G illustrate suture needle activator mechanisms. 

[00073] DS3; Fig. 1 E - 1 H illustrate usage of a needle assembly device with a 
break-away tip and a suturing apparatus of a needle holder and needle combination. 
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[00074] DS4; Fig. 3 and Fig. 3A illustrate a needle assembly with a 
radial/cylindraceous sheath. 

[00075] DS5; Fig. 3B - Fig. 3E illustrate various views and portions of a needle 
assembly with radial/cylindraceous sheath. 

5 [00076] DS6; Fig. 3F-Fig. 31 illustrate various views and portions of a needle 
assembly with radial/cylindraceous sheath. 

[00077] DS7; Fig. 4 and Fig. 4A illustrate a needle assembly with a shield-like 
sheath. 

[00078] DS8; Fig. 4B-Fig. 4E illustrate various views and portions of a needle 
10 assembly with a shield-like sheath. 

[00079] DS9; Fig. 4F~Fig. 41 illustrate various views and portions of a needle 
assembly with a shield-like sheath. 

[00080] DS10; Fig. 4J-Fig. 4K illustrate various views and portions of a needle 
assembly with a shield-like sheath. 

15 [00081] DS11; Fig. 4L-Fig. 40 illustrate various views and portions of a needle 
assembly with a shield-like sheath. 

[00082] DS12; Fig. 4P-Fig. 4T illustrate various views and portions of a needle 
assembly with a shield-like sheath. 

[00083] DS13; Fig. 5 and Fig. 5A illustrate a needle assembly with a loop-shaped 
20 sheath. 

[00084] DS14; Fig. 5B-Fig. 5E illustrate various views and portions of a needle 
assembly with a loop-shaped sheath. 

[00085] DS15; Fig. 5F-Fig. 5J illustrate various views and portions of a needle 
assembly with a loop-shaped sheath. 

25 [00086] DS16; Fig. 6 and Fig. 6A illustrate a needle assembly with a rod projection 
blunting system. 
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[00087] DS17; Fig. 6B-Fig. 6E illustrate various views and portions of a needle 
assembly with a rod projection. 

[00088] DS18; Fig. 6G-Fig. 6H illustrate various views and portions of a needle 
assembly with a rod projection. 

5 [00089] DS19; Fig. 6I-Fig. 6L illustrate various views and portions of a needle 
assembly with a rod projection. 

[00090] DS20; Fig. 6M-Fig. 6U illustrate various views and portions of a needle 
assembly with a rod projection. 

[00091] DS21; Fig. 7 and Fig, 7A illustrate a needle assembly with a wire loop 
10 sheath. 

[00092] DS22; Fig. 7H-Fig. 7K illustrate various views and portions of a needle 
assembly with a wire loop sheath. 

[00093] DS23; Fig. 7F-Fig. 7G illustrate various views and portions of a needle 
assembly with a wire loop sheath. 

15 [00094] DS24; Fig. 7B-Fig. 7E illustrate various views and portions of a needle 
assembly with a wire loop sheath. 

[00095] DS25; Fig. 7L-Fig. 70 illustrate various views and portions of a needle 
assembly with a wire loop sheath. 

[00096] DS26; Fig. 8 and Fig. 8A illustrate a needle assembly with a break-away 
20 tip. 

[00097] DS27; Fig. 8B, 8C, 8E, 8F illustrate various views and portions of a needle 
assembly with a break-away tip. 

[00098] DS28; Fig. 8D, 8G illustrate various views and portions of a needle 
assembly with a break-away tip. 

25 [00099] DS29; Fig. 2 illustrates a needle holder; Fig. 2A, and Fig. 2B illustrate 
opposite side views of a modified needle holder. 
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[000100] DS30; Fig. 2.1, 2.a!, 2.3A, and 2.3B illustrate a modified needle holder. 

[000101] DS31; Fig. 2C, 2D, and 2E illustrate a modified needle holder. 

[000102] DS32; Fig. 2J, 2K, 2L, and 2M illustrate a modified needle holder tip. 

[000103] DS33; Fig. 2F-Fig. 2H illustrate a modified needle holder with an initiation 
5 assembly and connection of segments of the needle holder body. 

[000104] DS34; Fig. 2.2, 2.2A, 2.2B, and 2.2C illustrate various initiators for 
initiating or activating an activation mechanism in a suture needle. 

[000105] DS35; Fig. 10 illustrates components of an activator or mechanism of 
activation assembly for a suture needle with an activatable sheath 

10 [000106] DS36; Fig. 101, 10J illustrate an activation mechanism. 

[000107] DS37; Fig. 10K, 10L illustrate activation mechanisms in needle bodies. 

[000108] DS38; Fig. 10.1 F illustrates variations of a sheath activator. 

[000109] DS39; Fig. 10.1D illustrates variations of a sheath activator. 

[0001 10] DS40; Fig. 10.1B and Fig. 10.1C illustrate variations of a sheath activator. 

15 [0001 11] DS41; Fig. 10.1A and !0.1E illustrate variations of a sheath activator. 

[000112] DS42; Fig. 11 illustrates a needle body assembly variation. 

[0001 1 3] DS43; Fig. 1 1 B illustrates a needle body assembly variation. 

[0001 14] DS44; Fig. 1 1 D illustrates a needle body assembly variation. 

[0001 15] DS45; Fig. 1 1A and Fig. 1 1 AA illustrate views of a needle body assembly 
20 variation. 

[000116] DS46; Fig. 11C and Fig. 11CA illustrate views of a needle body assembly 
variation. 

[0001 1 7] DS47; Fig. 1 1 E and Fig. 1 1 EA illustrate views of a needle body assembly 
variation. 
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[000118] DS48; Fig. 11F and Fig. 11G illustrate one-piece and two-piece designs of 
a needle body assembly with top and bottom conduction plates. 

[0001 1 9] DS49; Fig. 1 1 K, 1 1 L, and 1 1 M illustrate various attachments for a suture 
material near a needle body end. 

5 [000120] DS50; Fig. 11H, 111, 11 J, and 1 1T illustrate various approaches for joining 
needle body components. 

[000121] Aspects and elements of the Figures are further set forth in Table 1 -Table 
11. 

DETAILED DESCRIPTION OF THE INVENTION 

10 [000122] The invention may be further understood by the following non-limiting 
examples. 

[000123] The disclosure herein, including the accompanying drawings, illustrates 
the variety of embodiments for needles, the activation mechanisms (e.g. an SMA 
assembly), and means for activating the activation mechanism. In an example, a 
15 needle holder serves not only to physically assist ip holding the needle but also 

functions as a means for activating the activation mechanism. In an embodiment, a 
known needle holder can be modified with an attachment, or a presented novel 
needle holder can be used to activate the activation mechanism. In particular to take 
advantages of properties of SMA material, other modes of activation are included. 

20 [000124] The drawings also illustrate various configurations of certain parts that 
may be useful in various SMA mechanisms. A particular configuration can be 
selected according to manufacturing possibilities, standardized regulations on 
durability, and consumer preference. Multiple possibilities and varieties of 
construction for an SMA mechanism of activation are also illustrated. 

25 [000125] EXAMPLE 1. Safety suture needle assembly. 

[000126] For the SMA mechanism of activation, two options are used. The choice 
of option can pertain to the method of construction of the device. If the needle is to 
have reversible on/off characteristics as described, the needle can incorporate a 
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force exertion assembly. In the drawings, such a force exertion assembly is 
illustrated as a spring analogous to a conventional extension spring. A spring can be 
optionally constructed of any applicable and acceptable medical grade metal alloy. 
The spring is not necessarily confined to a metal spring configuration but can be 
5 constructed of a polymer material or configured by many other widely accepted 
means of placing a rebound tension on the activation mechanism itself. 

[000127] If a needle of the invention does not incorporate on/off characteristics but 
namely has a one time or one way activation characteristic, a spring assembly may 
be optionally excluded. In a configuration where a spring is excluded, the activation 

10 mechanism relies solely on the properties of the SMA material to return to its 

preformed shape in order to exert the linear extension of the sheathing assembly to 
achieve a protective position such as over the needle body. An example of a 
situation where a spring is optionally included is as follows. A certain amount (e.g. a 
short or limited amount) of retraction may be desired to secure the tip firmly within a 

15 resting point/position, or a sheathing guard point/position within the sheath itself, as 
to entirely secure and encompass the sharp point of the needle. If this short amount 
of retraction is utilized to accomplish the desired effect, a small compression spring 
may be internally attached to the sheathing assembly or the mechanism of activation 
itself, in order to provide the retraction desired. 

20 [000128] Elements of the needle body itself are represented as being of a suitable 
metal or alloy, optionally of acceptable standards. For certain device embodiments, 
elements of the needle body may need to be insulated from the electrical current 
which passes through it; high density polymers may be used to construct the outer 
needle body, or any of the other parts, depending on manufacturing tolerances and 

25 the design deemed as most desirable. 

[000129] The general representation of the entire needle assembly can involve a 
hollow casing with certain parts resting inside the casing and certain other parts 
oriented around the inner parts so as to allow an electrical current to flow through 
efficiently, thereby facilitating a process of ohmic heating or so as to allow thermal 
30 heating by thermal conduction. Particular embodiments of the invention, however, 
are not limited to the only internal placement of certain parts. Particular variations for 
the needle assembly can allow construction and position of parts/elements at 
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different points about the body of the needle assembly. Namely, it is possible to 
have the extension sheath externally located (e.g., as opposed to integrally flush with 
the needle body), and also it is possible to design the mechanism of activation as an 
externally attached unit separate from the main needle body itself, for example the 
5 SMA mechanism could run proximally to the suture material, distally from the tip of 
the needle. 

[000130] The sheathing mechanisms shown support how to accomplish the 
sheathing/blunting effect desired; however, the mode of sheathing and/or blunting 
can also be achieved by other manifestations. For example, an externally placed 
10 SMA wire can run along the top side of the needle assembly; when treated such as 
by heat, the wire can return to a performed shape such as one that reaches a 
protective position at least partially covering the sharp point of the needle tip. 

[000131] Figure 1 illustrates a general needle body of a needle assembly of the 
invention. The shown needle shape is divided into three sections, the distal needle 

15 tip area in general represented by figures 3-8, and each figure of the grouping 3-8 
provides specific detail on a variety of possible sheathing/blunting assemblies. It is 
implied but not necessarily shown in certain diagrams that there can be a linear 
extension shaft that runs along a longitudinal axis within a cannula of the needle 
body, which connects the sheathing assembly to a mechanism of activation. In 

20 some representations of the present invention, the sheathing body is designed so as 
to be part of the extension shaft itself. 

[000132] The shown needle shape in Figure 1 is further divided into a middle 
section for clarity and is shown in greater detail in Figures 9-10 with mechanisms of 
activation. Another subdivision of the general needle is the proximal end with 
25 respect to an attachment point for the suture material and is detailed in Figure 11. 
Generally these figures illustrate various ways to construct the external needle 
casing and attach the suture material to the needle body itself. One of ordinary skill 
in the art will appreciate that the parts can be constructed, joined, and manufactured 
by various techniques including commonly known practices. 

30 [000133] The four figures grouped together as Fig. 11, Fig. 1J, Fig. 1K, and Fig. 1L 
are presented occasionally throughout the drawings to clarify functional 
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characteristics of the activator or mechanism of activation in relation to the needle 
assembly and whether or not activation of the activator is initiated by an initiator such 
as heat 1J, electricity 1 K, or whether the activator is in a rest or default state with no 
heat or electrical energy being administered to it. The figure 1 1 refers generally to 
5 the presence of a blunting/sheath mechanism, and is shown occasionally throughout 
the drawings to reference the presence and or location of the blunting/sheathing 
assembly. 

[000134] Figures 1E-1H illustrate usage of the needle assembly device. Fig. 1E 
represents the passing of the device between two persons and conveys the safe 

10 attribute of the blunted characteristic of the needle during transport (the tip variation 
of Figure 8 is depicted solely for example). Figure 1F shows the common practice of 
loading a needle assembly by an operator onto an art-known needle holder (further 
illustrated in Figure 2.1) and shows the blunting characteristic of this specific 
example. Fig. 1G shows usage of the needle assembly in a common medical 

15 practice of tissue penetration or suturing with the sheathing/blunting blunting 

assembly (of the Fig. 8 variation) in an armed state. Here activation is achieved by 
an operator's left hand depressing a control button which is explained in the Figure 2 
set. Fig. 1 H shows the release of the said control button and the result of 
deactivation or disarming which renders the needle assembly less likely to cause an 

20 accidental puncture. It is possible to begin the process of activation with either hand 
and from any angle (see Figure 2.3A, Figure 2.3B); for example, multiple switches 
can be incorporated. 

[000135] The following describes some of the properties of the mechanism of 

activation and illustrates embodiments of the invention. See Figures 9A - 9Q (in 
25 particular Fig. 9A, Fig. 9B, Fig. 9C, Fig. 9D, Fig. 9E (shown as encompassing 

aspects of Fig. 9A and Fig. 9C); Fig. 9F (shown as encompassing aspects of Fig. 

9H, Fig. 9J, Fig. 90); Fig. 9G (shown as encompassing aspects of Fig. 9L, Fig. 9N). 

The figures within Fig. 9A represent the characteristic of the SMA to be at rest with a 

preformed shape. Fig. 9A depicts an internal nitinol wire (not shown) inside a spring, 
30 where the spring is capable of exerting an opposing force to that of a force exhibited 

by the nitinol wire either when contracting or returning to an original position/shape. 

During a heat annealing process the alloy is raised to a temperature above its 
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transition point, and then deformed at that point. Upon cooling, the alloy is then 
deformed again to the desired shape. When the alloy is heated at a later time, it has 
the special property to return to its previously set shape that was formed during the 
annealing process. Figure 90 then shows the linear movement desired of the 
5 mechanism of activation with the application of heat or electricity to the material. 

[000136] The vertical column within the brackets of 9G represents the length of the 
horizontal placed material. The vertical column of Figure 9F represents a 
displacement distance that the sheath/blunting mechanism and/or extension 
assembly travels to reach a position at which the sheath/blunting mechanism is 
10 effectively protective with respect to the sharp aspect of a sharp object. 

[000137] The vertical column of 9E represents a linear component of a spatial 
region where the sheathing/blunting mechanism is acting in a protective fashion. 
Fig. 9B illustrates a general needle shape in reference to its blunting/sheathing 
assembly, characteristics of the said assembly shown in Fig. 9A, and the location of 
15 the said blunting sheathing assembly relative to the sharp needle tip. Within Fig. 9B, 
Fig. 9P illustrates a configuration at rest; Fig. 9Q illustrates an activated 
configuration; the intended direction of travel of the sheathing/blunting mechanism 
during activation towards the activated state (here disarmed). 

[000138] Figure 9C illustrates the properties of the mechanism of activation with an 
20 extension spring for linear extension. Fig. 9H represents the needle assembly at rest 
with the SMA material at the inner core of an assembly of the SMA material and the 
spring. In a preferred configuration there are two connection points between the 
SMA component and the spring component of the assembly (such as at opposite 
ends of the SMA component). 

25 [000139] Fig. 9L shows the contraction/retraction of the SMA material, which ranges 
from about 6%-10% of its overall length upon application of energy input to the SMA 
material. The SMA material contracts in length, and its diameter increases in a 
corresponding range. This fact is taken into consideration when constructing and 
inserting the activation mechanism assembly (and optionally a separate extension 

30 shaft, etc.) into the needle. Fig. 9J shows the extension of the SMA material by the 
force exerted upon it by the extension spring. The vertical column within the 
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brackets of 9G represents the length of the horizontally displaced SMA material (or 
SMA and spring assembly). The vertical column of Figure 9F represents the 
distance that the blunting mechanism and/or extension assembly has to travel to 
reach the point at which it effectively acts as a blunting/sheathing mechanism. The 
5 vertical column of 9E represents the area at which the sheathing/blunting 

mechanism is acting effectively with its purpose to at least partially shield the sharp 
object tip. 

[000140] Figure 9D illustrates a general needle shape and orientation of location 
with respect to its blunting/sheathing assembly, the SMA/spring assembly described 
10 in Fig. 9C, and how the blunting/sheathing assemblies location is affected in each 
state (rest, activation, returning to rest) and process (compression/extension of 
spring, contraction/expansion of SMA material, and relative displacement of length). 
Fig. 9K shows the sheath at rest, Fig. 9L shows the sheath being retracted during 
activation, and Fig. 9M shows the sheath being extended by the extension spring. 

15 [000141] Suture needle of Fig. 3 

[000142] A general suture needle is illustrated in Fig. 3 and shows a 
radial/cylindraceous sheath assembly 3Q protruding distally from the needle, 
rendering the sharp point at least partially covered so as to protect the operator. Fig. 
3A shows the same general needle with sheath 3Q at its retracted position. Fig, 3A~ 

20 31 show specific defined views and the relation of the said parts to the assembly. 
The sheath has a vertical channel 3J which allows for the expansion 3P of the 
sheath in order to displace or slide over the needle tip upon retraction or extension 
(see Fig. 31). Sheath 3Q comes to rest within the notch or space 3R which is formed 
from the main needle body. Channel 3J meets the elevated ridge 30 which is 

25 formed from the main needle body, in order to secure the sheath during its various 
sequences. The sheath 3Q is attached or is itself a unitary part of slider shaft 3K, 
which runs through an aperture 3N within the needle body itself 1C to the inner 
cannula 1D where slider shaft 3K is attached to a mechanism of activation (See 
various Figures 10; Fig. 10, Fig. 101, Fig. 10J, Fig. 10K, Fig. 10L). Sheath 3Q has a 

30 slightly rounded edge on the superior portion 3L so as to prevent the formation of an 
additional puncture hazard and also to allow for easy passage from notch 3R to its 
extended position. The edges of notch 3R including a tip proximal notch leading 
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edge, a trailing edge, and/or edges near raised ridge 30 are made smooth (not 
shown) to facilitate the ease of transition of sheath 3Q to move freely from the 
extended to the retracted position. The sheath 3Q is stopped and makes a snug or 
tight junction upon meeting element 3M which is a resting ledge that is preferably 
5 substantially uniform. The sheath assembly disclosed can be adapted or modified to 
fit sharp object tips of a variety of tip sizes, shapes, and characteristics. 

[000143] Suture needle of Fig. 4 

[000144] A general suture needle is illustrated in Fig. 4 and shows a sheath 
assembly 4V protruding distally from the needle, rendering the sharp point covered 

10 so as to protect the operator. Fig. 4A shows the same general needle with sheath 
4V at its retracted position. Fig. 4B, Fig. 4C, Fig. 4D, and Fig. 4E illustrate specific 
defined views of the assembly and the relation of the parts to the assembly and 
needle tip 1A. The shield-like sheath 4V has a point or recess 4X on the bottom of 
the sheath. When the shield 4V moves over the needle tip (such as when used in 

15 the context of one time activation with a retraction spring 10H {See Fig. 10} within an 
assembly of the mechanism of action of Fig. 10), the needle tip comes to reside 
within a sharp tip catching point, element 4X, which "locks" the shield 4V on to the 
needle tip 1 A. The shield 4V is blunted or slightly rounded with an arch or hood, 
element 4Y, about its outer perimeter, so as to not produce an unnecessarily 

20 hazardous sharp aspect in addition to the primarily hazardous tip. 

[000145] Shield 4V is then connected to an extension 4W or is uniformly 
constructed as part of the extension itself. The extension 4W is then connected to 
the mechanism of activation; see various Figures 10. 

[000146] The shield 4V upon retraction comes to reside within a notch or aperture 
25 4U of the main needle body. Upon retraction the shield and needle body 1C form a 
radially substantially uniform body, so that there is minimal opportunity for catching 
or unwanted drag from the needle during passage through tissue. In a preferred 
embodiment the entire needle is substantially flush or smooth with the shield in the 
retracted position. Figure 4F shows a side view of the aperture 4U in relation to the 
30 needle body. The shielding mechanism and aperture are located close enough to 
the tip 1 A so as to equate the amount of travel given from the extension and 
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contraction of the assembly of activation and also so that the tip is not weakened by 
the aperture being placed to close to a narrow portion of the needle tip, which could 
possibly weaken the tip and needle body. 

[000147] In order to guide the shield to its proper orientation upon retraction and or 
5 extension, an optional groove can be placed within or along the needle body and 
distally to the aperture that matches the extension shaft. When the activation or 
activation and extension mechanism is in movement, the groove would facilitate 
orientation of the shield into its proper alignment Figures 4G, 4H, and 41 show in 
detail the shielding mechanism and extension shaft. The extension shaft 4W has 
10 one or more "catch points", element 4Z, to reduce flexion of the shield if force is 
applied to the shield that may displace the shield to a spatial region away from a 
protecting position. The catch points 4Z are accepted by grooves 4AA disposed 
within the needle body so as to capture the sheath to facilitate the performance of 
the sheath in a secure manner. Figure 4T gives a detailed view of resting points 4Z 
15 in relation to the catch point grooves 4AA. The shield can optionally be formed so 
that no sharp tip catch point exists, and the needle can be reversibly activated and 
deactivated multiple times by the retraction and extension of assemblies shown in 
Figures 4J-4S. The sheath assembly disclosed can be adapted or modified to fit 
sharp object tips of a variety of tip sizes, shapes, and characteristics. 

20 [000148] Suture needle of Fig. 5 

[000149] A general round suture needle is presented in Fig. 5 (see also Figures 5A- 
5J), illustrating and shows a preformed wire ribbon or loop assembly 5N protruding 
distally from the top medial portion of the needle tip 1A through two exit apertures 5L 
and 5M. Fig 5A shows the same needle assembly with the sheath/blunting 

25 mechanism at rest or retracted into the main needle body. If the needle is initially 
supplied in the state depicted in Fig. 5 with the sheath in a protective position with 
respect to the needle sharp end, this preset disarmed needle can then be activated 
to achieve an armed configuration with the sheath in a nonprotective position. Fig. 
5B, Fig. 5C, Fig. 5D, and Fig. 5E show specific defined views of the assembly and 

30 the relation of parts to the assembly and needle tip 1 A. 
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[000150] The sheath/blunting wire mechanism 5N can exit as an optionally sole unit 
from the main body extension shaft through a secondary aperture SO, as two 
separate but joined wires to the main extension shaft. In this variation, the wire loop 
itself forms the extension shaft (note Figure 7N, showing the two ends of the wire, 

5 connected to a slider plate, which is really the mechanism of activation). 

Alternatively, the exit mechanism can have a plate 5P covering the aperture that can 
have a single aperture or two apertures, 5L and 5M, depending on the formation of 
the preformed wire assembly 5N. There are many variations of exit mechanism 
configurations for this type of sheath/blunting mechanism in the retracted and 

10 activated positioning of the wires; a particular variation can be selected for purposes 
such as manufacturing efficiency or aesthetic considerations. 

[000151] Fig. 51 shows a transparent lateral view of a secondary aperture SO that is 
positioned at any angle to form an efficient and correct angle for exit of the 
sheath/blunting assembly. The blunting mechanism 5N is located within the shown 
15 area can retract when activated to an accepting groove 5K, and would rest at this 
location. 

[000152] Fig. 5H demonstrates that the sheath/blunting assembly 5N can optionally 
have a characteristic of flexibility. The flexibility of 5N can be useful during the 
spatial translocation of moving over the needle tip point in order for a tight joining of 

20 the wire and the needle body itself 1 A. The left panel of Fig. 5H shows a starting 
configuration of the sheath; in the middle panel, the inset arrows are shown as 
extending outwardly to reflect the flexible outward extension of segments of sheath 
5N. The third or right panel has inset arrows pointing inwards relative to the sheath 
assembly to reflect the flexible inward extension of sheath 5N segments. Thus Fig. 

25 5H demonstrates the potential lateral flexibility of the wire loop. 

[000153] Figure 5G illustrates an embodiment of the needle assembly with a portion 
of sheath wire 5N achieving substantial uniformity of surface continuity with a portion 
of needle body 1C due to sheath accepting channel 5K. In a preferred configuration, 
the accepting channel can receive substantially the entire sheath in a state that can 
30 optionally be referred to as a resting state or activated state depending on an initial 
preset condition of being armed or disarmed. 
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[000154] The sheath 5N can be constructed of suitable materials as known in the 
art. Note that the sheath wire need not necessarily be constructed only of nitinol or 
other SMA, nor does the sheath need to be constructed of the same material as 
extension shaft or activator components. The sheath wire can be plastic or 
5 nonplastic polymer. As in Figure 5F, The sheath can have a full circle diameter 
shape such as a wire except optionally for a portion or segment that can rest within 
the accepting channel or groove which can be of a half circle shape. The sheath 5N 
can alternatively be of any shape necessary to create in conjunction with the needle 
body a substantially uniform exterior so as to reduce drag or snagging of the wire 
10 (Fig. 5G). For example, the sheath can be flattened like a ribbon, or composed of 
segments with different shapes. 

[000155] Suture needle of Fig. 6 

[000156] A general round suture needle is presented in Fig. 6 with a blunted rod 6R 
having a blunt end surface 6S that projects from the tip 1 A upon extension. The rod 

15 6R can be a wire, bar, beam, or other object such as a blunting means. The exiting 
projection of the blunt rod 6R itself can be substantially along a hypothetical^ 
extended longitudinal axis of the sharp point tip 1 A so as to provide a blunting body 
that a surface would come into contact with primarily as opposed to the sharp tip of 
the needle. The surface here for example can be a patient surface, medical worker 

20 human or clothing surface, needle operator human or clothing surface, or surgical 
environment surface. The blunt rod tip can protrude in any direction or from any 
segment of the needle body and not just from the needle tip end in the single 
direction along a longitudinal axis of the needle body. 

[000157] Fig 6A shows the blunted rod projection in a retracted position. In a 
25 preferred configuration, rod tip 6S is blunted just enough so as to not act as another 
sharp area but not be so blunted to allow excessive drag or snagging of a tissue 
subject to penetration. The blunted projection can be a singular unit that connects to 
the mechanism of activation assembly (Fig. 10) or can comprise or connect to a 
lateral extension 6T that connects to a general extension such as in Fig. 10. Specific 
30 views are detailed in Fig. 6B, Fig. 6C, Fig. 6D, Fig. 6E, Fig. 6G, and Fig. 6H 
regarding the needle assembly and details. 
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[000158] Fig. 6G illustrates a variation where the blunt rod has a curved or angled 
segment 6Q, so that upon extension/projection of rod 6R the projecting rod has a 
spring-like characteristic to facilitate positioning of the rod 6R and rod tip 6S towards 
a protective position over the needle tip. Upon retraction, a spring-like bending effect 
5 can be small enough so as to facilitate ease of retraction. In a configuration for one- 
way or reversible activation, the curved segment 6Q straightens sufficiently and fits 
snugly within the main lateral needle cannula ID. 

[000159] For a configuration with a one-time activation property, the blunted 
projection rod 6R can further comprise a resting catch point groove (or notch, 

10 aperture, channel, recession, or means for receiving) shown in Figures 6M and 6N. 
This catch point can serve to facilitate storage of the projecting blunt rod in a locked 
(e.g. at least partially secured) position and can be combined with the small 
retraction mechanism in order to fit the projection snugly on to the tip. In a variation, 
a small rebound tension mechanism is placed in the body of the needle in order to 

15 secure the needle tip into the "pocket." A second aperture 60 can be formed as 
illustrated in Fig. 6F and positioned so as to allow an efficient exit angle for the 
projection rod. 

[000160] Figures 6I-6L show specific views of the needle assembly with detail. 
Further embodiments of devices and methods can use an extending rod fixed at a 

20 point proximal to tip 1 A. In such embodiments, the rod is free to move vertically 

upon extension and also distally to cover the needle tip and provide a blunting effect 
(see Fig. 6P). Fig. 6P is an illustration of the conception and can be modified or 
adapted as taught herein and/or would be understood by one of ordinary skill. In Fig. 
6P, a particular embodiment illustrates that by application of force along the rod 

25 against a fixed point towards the needle tip, a loop or segment of the rod material is 
pushed with vertical displacement from a needle longitudinal axis and with horizontal 
displacement along such axis, wherein the horizontal displacement is beyond the 
needle tip. In a variation, the rod is nitinol and integrated with the activation 
mechanism (and integrated with distinct slider and extension components too, 

30 optionally). 
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[000161] Suture needle of Fig. 7 

[000162] A general round suture needle is presented in Fig. 7 with a projection 
sheath 7R which has a first end and a second end, where said first and second ends 
are fixed adjacently to a single point (in other words, proximal and equal to each 
5 other; see Fig. 7N). Alternatively, said first and second ends are fixed at a first 

lateral point and a second lateral point of the needle body, respectively (and distal to 
each other); see Figure 7, and Fig. 7A-7J. The sheath can be a wire loop. In the 
first variation both ends of the wire loop projection are attached at or near the same 
point (Fig. 7N); where the point is disposed along either the main general extension 
10 shaft or can directly connect to the mechanism of activation at a defined point such 
as segment 7T. In a second variation, the two separated ends of the sheath 
extension can also be placed laterally, e.g. on directly opposite sides of the needle 
body, with separate exit holes/apertures 7Q. Apertures 7Q are optionally 
substantially unitary with the main lateral cannula 1D. 

15 [000163] Fig. 7M shows a closer view with details. In the second variation the 
sheath projection 7R is fixed at the point of attachment to either a general main 
extension or the mechanism of activation at a sheath 7R proximal end and at a 
lateral fixation point located on the needle body itself (see Fig. 70). The design 
allows for a sheath/wire to expand laterally and then distally; the sheath can have a 

20 preformed curved segment or shape that can extend in a manner as to provide the 
necessary blunting effect. 

[000164] For both variations, the sheath/wire is of a shape so as to correspond to a 
tightly fitting resting point 7P (see Fig. 7, et alia) when retracted towards the main 
needle body. This is analogous to concepts described herein such as in various 

25 Figures 5. Fig. 7L illustrates that a sheath, such as a wire (of metal, plastic, or 

polymer, etc.) is shaped in one or more dimensions such as diameter to correspond 
to the needle body and resting groove 7P. The placement of exit guide channel 7S 
can be selected based on one or more factors such as efficiency of angle allowing 
activation and/or retraction, and manufacturing methods. Similar to the concepts 

30 illustrated in various Figures 5, a secondary guide channel with a plate covering and 
corresponding holes/apertures for the wire projection wire segments to exit can be 
implemented. Figures 7H to 7K illustrated detailed views of the assembly. In a 
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variation, the sheath is nitinol and integrated with the activation mechanism (and 
integrated with distinct slider and extension components too, optionally). 

[000165] Suture needle of Fig. 8 

[000166] A general round suture needle is presented in Fig. 8 with a break-away tip 
5 design where the tip breaks away from the main needle body upon activation or 
extension of the mechanism of activation. In a disarmed state, needle tip segment 
8L is tethered or suspended from the needle body 1C by a flexible extension 
component 8J and is generally able to move freely except for the tethering constraint 
at a needle tip segment end. Figures 8A-8F illustrate the assembly with various 
10 views. 

[000167] A distal tip 8M of the needle body proximal to a break point has a force 
dissemination contact surface or blunting means so as to not provide a sharp surface 
in addition to the needle sharp tip. Upon the retraction of the mechanism of 
activation, the needle tip can retract and be guided by a guide assembly. In one 

15 variation the guide assembly comprises a simple ridge and groove (not shown). In 
another variation there is an asymmetrically rigid (e.g. asymmetrically elastic) flexible 
extension member; upon application of force to the flexible extension member, the 
member is guided or directed to bend towards a particular side or angle to facilitate 
displacement of the needle tip towards the main needle body. In an example, the 

20 flexible extension member comprises two different materials of different stiffness. 

[000168] When normal suturing function is desired as with a conventionally 
contiguous needle, for the present break-away needle the mechanism of activation 
can tightly secure the needle tip to the needle body so that a force exerted upon the 
needle during tissue penetration will not substantially disturb the ability of the needle 
25 tip to maintain a position of alignment and/or connection with respect to the needle 
body. 

[000169] Fig. 8D illustrates the needle assembly with flexible extension and shows 
multiple device states with the break-away property. For example, the break-away 
needle tip hangs or leans towards one side of the needle body such as location 8H. 
30 Fig. 8G illustrates that flexible extension 8J can have a segment or end 8K that 
allows connection of flexible extension 8J with the main general extension. The 
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connecting segment 8K and corresponding connections of the flexible extension to 
the needle body/main extension and to the needle point 8L can be constructed using 
techniques known in the art, and likewise for the connection between needle point 
8L and the flexible member extension 81. 

[000170] It is noted that for clarification of terminology, the needle assembly can be 
activated to assume a disarmed state which might be considered an inactivated 
state; conversely, depending on preset conditions the needle can be activated to 
assume an armed state. Activation can optionally be reversible or one-way. 

[000171] Additional materials and methods. Part I 

[000172] Figure 10 illustrates various materials and methods including parts for 
construction of embodiments of the present invention and variations. Construction is 
not necessarily limited to the disclosed parts specifically. The various Figures 10 are 
intended to generally and in certain instances specifically provide information on 
embodiments, e.g. information on the mechanism of activation, structural properties 
and characteristics for certain functions, and materials. 

[000173] Fig. 10 illustrates a shape memory alloy material as element 10A. In an 
embodiment the SMA can be nitinol or another alloy with similar properties, and 
various formulations thereof as disclosed herein and/or known to the art, and is 
preferably nitinol. 

[000174] If the nitinol assembly is to achieve the desired contraction effect by ohmic 
heating, in an embodiment the assembly must have a positive and negative terminal 
end for the conduction of the electrical current and be electrically insulated in various 
aspects by traditional means. The transmission of the electrical current can be 
achieve through various means but is generally represented by the figure 10F such 
as with a conducting wire. A spring assembly itself, however, could act as a 
conductor. Other possibilities include that the nitinol could be filled with a conductive 
matrix; the wire could be routed through the nitinol (such as through a nitinol tube)l; 
or the distal end of a slider point attached to the nitinol could make contact with the 
positive side of the needle and the negative side. Moreover, any combination of the 
needle body and or the above parts or others can achieve the proper conduction of 
energy to the SMA material to allow function. 



33 



WO 2005/077279 



PCT/US2005/004275 



[000175] In an embodiment of a suture needle and needle holder combination, the 
contact points for electrical conduction ultimately are routed to the needle holder so 
that the property of ohmic heating can be exhibited. Therefore, a member/point 10B 
(Fig. 10) is placed in contact with an external contact point or surface of the needle 
5 body, and a corresponding member/point 10D is placed towards an opposite end of 
said SMA component 10A to complete a path. 

[000176] For simplicity of design and in part due to size constraints, a preferred 
embodiment minimizes the necessary parts such as for electrical operation. The 
main body construction is formed so as to give separate conduction areas, namely 
10 positive and negative sides (optionally referred to as plates; these can be separate 
pieces of the needle body). 

[000177] In an embodiment, a spring form 10C or variation thereof is constructed 
and retained so as to provide a sufficient exerting force (rebound tension) so as to 
extend the SMA material after contraction; the exerting force is also able to be 
15 overcome by the contraction of the SMA material. 

[000178] In another embodiment, a spring 10H (Fig. 10) is used in the assembly to 
achieve a singular permanent (one time) activation for the sharp tip resting point 
mechanism. Upon activation of the needle assembly, the linear projection of a 
sheath/blunting mechanism is extended; a retraction spring contracts or compresses 

20 the mechanism so as to allow the resting point to arrive at its desired location, and 
provide a snug fit. A main extension shaft 10E is connected to a sheathing/blunting 
sub-assembly and connected to a distal contact point of the SMA sub-assembly or to 
a slider or translocation means that can freely move within a compartment of a 
needle body cannula 1C (the slider/translocation means can optionally act as one of 

25 the conduction points in relation to moving within the needle assembly and making 
contact with the main needle body conduction parts). 

[000179] In embodiments, variations of the one time use feature can pertain to the 
property of nitinol to contract when heated. Fig. 10.1 A (includes Fig. 10.1 AA, Fig. 
10.1AB, Fig. 10.1AC, and Fig. 10.1AD) illustrates an activator or activation 
30 mechanism. The activator comprises an SMA wire, sheet, or filament 10A, a 
crossbar 10.1 AE of bendable material that is either part of or separate to an 
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extendable retention plate 10.1 AG which can act as a retaining device for an 
extension spring 10.1 A. The crossbar assembly and retention plate form a unit that 
retain the spring from extending. The SMA wire is positioned such as in a loop over 
the crossbar. Upon contraction of the SMA wire, the SMA wire pulls the crossbar 
5 down or causes the crossbar to break free from at least one of one or more contact 
points 10.1AF with the slider 10.1AG, thereby pulling the crossbar 10.1 AE down 
through an opening in the slider 10.1 AH and releasing the tension of the spring 
10.1 Al which in turn is driven to extend linearly the extension plate 10.1 BE which is 
operatively connected to the sheathing mechanism. 

10 [000180] Figure 10.1B and Figure 10.1C illustrate similar mechanisms (comprised 
of parts illustrated in Fig. 10.1D and Fig 10.1E) that can be under tension. In these 
embodiments, the SMA/nitinol component is attached to the slider plate by a crimp, 
or crimp fastening means (e.g. element 10.1BD in Fig. 101BA etc.) and thereby 
secured. 

15 [000181] Figures 10. 1C (including Figure 10.1CA, Fig. 10.1CB, and Fig. 10.1CC) 
illustrate other variations of an activator having an under-tension mechanism. In 
these embodiments 

[000182] In these embodiments, the SMA/nitinol component is attached to the slider 
plate by an adhesive such as glue, a weld, or fastening means to extension plate 
20 10.1 CD, where a bond strength is sufficient to retain the spring yet fails or breaks 
upon contraction of the SMA component. 

[000183] Figure 10.1D (including Fig. 10.1DA, Fig. 10.1DB, Fig. 10.1DC, and Fig. 
10.1DD) illustrate further variations of an activator having an under-tension 
mechanism. In these embodiments, the SMA/nitinol mechanism involves a slider 

25 plate with a groove 10.1 DG. The SMA component 10A can extend through slider 
plate groove 10.1DG, and the SMA 10A has an attached retention point 10.1DE 
permitting SMA 10A to rest firmly in slot 10.DF. When the SMA 10A contracts, it 
detaches or "pops" the retention point from the resting spot and slips the retention 
point 10.1DE through the corresponding groove 10.1DG within the slider plate, 

30 thereby releasing the plate which is under tension form the spring 10.1DI which 
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extends the slider plate. The slider plate is ultimately connected to the extension or 
sheathing/blunting assembly. 



[000184] Figure 10.1E (including Fig. 10.1EAand Fig. 10.1EB) illustrate a further 
variation. In this variation, a bend in the SMA component 10A acts as a retaining 
5 area of the activation mechanism which is holding an extension spring under tension. 
Upon contraction, the SMA component releases the spring, thereby linearly 
extending or projecting the sheathing mechanism. 

[000185] Figure 10.1F (including Fig. 10.1FA, Fig. 10.1FB, and Fig. 10.1FC) 
illustrate other variations of an activator under tension. In these variations there is 

10 an SMA plate 10.1FE that is preformed in a bent configuration with an aperture/hole 
that is deformed 10.1 FF when the activator is in a bended state so as to retain an 
extension shaft with a retaining point 10.1FG. The retaining point 10.1FG is unable 
to slide through the aperture/hole 10.1FF until the SMA plate 10.1FE is contracted. 
Contraction allows the opening up of the joint 10.1FF which allows the retaining point 

15 10.1 FG to slide through, thereby releasing the tension bound spring which is 
connected to the linear extension assembly. 

[000186] In an embodiment, there can be a relatively simple device and design 
allowing elimination of many small and intricately engineered parts. The device can 
incorporate the function of one time activation, pertaining to the linear extension of a 

20 deformed nitinol wire that is activated by an external means. As disclosed herein, 
however, many activation mechanisms can be applied. The present inventor 
believes that the most efficient manifestation may require a lone deformed SMA 
shaped component which would achieve a net extension in a linear dimension and 
thereby extend or project a sheathing mechanism or be unitary in serving as an 

25 activating/extending and sheathing mechanism. 

[000187] Figure 101, Figure 10J, Figure 10K, and Figure 10L illustrate the general 
orientations of the assemblies of activation in relation to the external needle body 
parts and certain attachments, connections, or fixations of the elements without 
necessarily being limiting to certain areas or sequences of placement of parts or 
30 general assembly in manufacturing. 
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[000188] Additional materials and methods, Part II 

[000189] The various figures in the set of Figure 1 1 (e.g. Fig. 11, Fig. 11 A, Fig. 
11AA, Fig. 11B, Fig. 11C, Fig. 11CA, Fig. 11D, Fig. 11E, Fig. 11EA, Fig. 11G, Fig. 
11F, Fig. 11H, Fig. 111, Fig. 11J, Fig. 11K, Fig. 11L, Fig. 11M) illustrate the various 
5 assembly and construction of the needle body for purposes relating to embodiments 
of the invention, for example, for the needle body to conduct electricity, be 
structurally sound, and be able to retain device components or mechanisms (some 
of which are internally disposed in said needle body assembly) such as an activator 
assembly, extension shaft assembly, and sheath assembly. It is recognized that the 
10 construction and manufacturing relating to devices and methods of the present 

invention can accommodate adaptations and modifications as disclosed herein and 
as would be understood from the disclosure herein by techniques and knowledge 
available to one of ordinary skill in the art. 

[000190] Fig. 1 1 illustrates a general suture needle in a conventionally curved form. 

15 The exterior main needle body can be manufactured according to techniques as 
known in the art. In an embodiment the main needle body and its accessories are 
formed separately form a top conduction plate 11 N and a bottom conduction plate 
110, wherein the top and bottom conduction plates are affixed to a top needle body 
outer surface and bottom needle body outer surface respectively. The needle body 

20 is further formed so as to retain two proximal side portions 11P and 11Q that can 
each run laterally about half the length of the needle. In variations, the conductive 
aspect such as the side portions can extend along the needle body from about 5% to 
about 95% of the length of the needle body so as to allow a variety of locations for 
grasping by a holder or for transferring energy. The needle body can have a needle 

25 body core section removed, leaving two side walls 11P and 11Q in order to make 
space available for the conduction plates and provide attachment surfaces or areas 
for joining of the conduction plates to the needle body. The side panels and the 
conduction plates are joined using known means such as adhesive, crimping, 
welding, devices and methods shown in Fig. 11M or Fig. 11H, or means of fastening 

30 (alternatively, a needle body instrument is initially molded or forged to have desired 
capabilities) and are insulated as understood in the art, for example with current 
technology such as Teflon or plastic coating or standard means. 
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[000191] The preceding parts together form an exterior needle body as a whole 
thereby generating an internal compartment or hollow cannula 1D. On a conduction 
plate there can be a conducting surface to allow conduction of electricity and contact 
with a means for supplying electricity or to serve as an attachment abutment for 
5 connection to a suture material 11R. These separate parts are made and connected 
so as to provide a proper conduction pathway to transmit the necessary electrical 
current or so as to act as a retainer for an internal sub-assembly such as an 
activation mechanism. 

[000192] Figure 1 1A, and Figure 1 1AA illustrate views of assembly of the needle 
10 body. Figure 1 1B illustrates a main needle body design having only a top conduction 
plate to serve as an electrical terminal end as the main needle body can act itself like 
a conduction plate itself as a second terminal end of a circuit. Figures 1 1C and 
1 1 CA describe views of such an assembly. 

[000193] Figure 11D illustrates a main needle body comprising three separate 
15 pieces; a top plate 11N, a bottom plate 110, and the main needle distal needle body 
1C. The pieces are connected to form a whole such as by connecting the top and 
bottom plate with fastening means to form a top and bottom plate combination and 
connecting the combination to the body 1C using the same or different fastening 
means. Optionally the needle body 1C can be configured to allow partial overlap 
20 such as by comprising a half-cylinder segment receptive for either a top plate or 
bottom plate. Figures 1 1 E and 1 1 EA illustrate and describe views of this concept. 

[0001 94] Figure 1 1G illustrates a simple manifestation of a needle body using 
construction of only one piece. Such a needle body can be sufficient to accept some 
sub-assemblies such as certain mechanisms of activation. This design can be 
25 suitable for certain one time use activation mechanism involving stylizing the shape 
characteristic of an SMA component. 

[000195] Figure 1 1 F shows a two piece design of a top plate that runs along the 
length of the needle body and a bottom plate which fully corresponds to the top 
plate. The joining of various parts can be accomplished for example with various 
30 means, including adhesives, crimps, welds, and also the utilization of new means 
according to this context. Figure 1 1L gives a close up, of ridges, teeth, or frictional 
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grasping means 1 1 V that can be disposed along the an interior side of each of the 
top and bottom plates in order to give a grasping surface to retain a suture material. 
Figure 111 shows a close up cutaway view of this potion of the needle in relation to 
the bottom and top plates, the conduction and attachment point 11R, and other 
5 pieces. 

[000196] Figure 1 1H illustrates utilization of an annular or partial ring-like fixture to 
secure or encompass the relevant parts of the needle assembly. Such a fixture can 
retain all of the pieces as one, for example by crimping the annular fixture 11T or by 
other fastening means, such as gluing, welding, etc. The corresponding portions 
10 11U of the needle body parts are optionally manufactured to accompany the rings so 
as to minimize the providing of a surface allowing snagging, drag, or other unwanted 
effect. Figure 11 J illustrates a needle assembly end that has suture material in place 
with the described parts. 

[000197] Figure 11M illustrates channeling and notching of the corresponding 
15 portions of the needle body as a way to connect/assemble the parts. Figure 1 1 K 
illustrates crimping of a proximal end of the needle that is typically used for retention 
of suture material. 

[000198] Regarding certain needle body parts, e.g. the needle main body, 
conducting plates, annular fixture, etc. a variety of conventional materials can be 
20 used as known in the art such as steel, stainless steel, and/or polycarbonate among 
others. 

[000199] EXAMPLE 2. Safety suture apparatus comprising a needle and a 
needle holder. 

[000200] Needles of the invention are used in conjunction with a needle holder. 

25 [000201] Figure 2 (PRIOR ART) shows a front view of a general widely used needle 
holder of any size. Figure 2A and 2B (not prior art) illustrate opposite sides of a 
modified needle holder with a holder initiation assembly for attachment that carries 
out the function of initiating activation of the suture needle assembly by the 
application of heat or electricity. 
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[000202] The holder initiation assembly for attachment to an existing needle holder 
is further illustrated in Fig. 2C, Fig. 2D, and Fig. 2E. The holder initiation assembly 
has a vertical top portion 2P and a vertically corresponding bottom portion 2Q. The 
2P and 2Q portions come together in an aligned fashion (see Fig. 2F, Fig. 2G, and 
5 Fig. 2H). This holder initiation assembly mechanism is designed so as to fit a variety 
of sizes of needle holders by utilizing attachment securing points 2Y (See Fig. 2C, 
Fig. 2E) which can fit over the corresponding portion of a needle holder. The holder 
initiation assembly portions 2P and 2Q can join together with an adjustably tightening 
ratcheting mechanism 2X comprising an upper portion 2Z (connected to 2P) that is 

10 notched for accepting the corresponding screw mechanism 2AA that is fixated within 
2Q. The assembly ratchets together as illustrated by sequential portrayal of Fig. 2F, 
Fig. 2G, and Fig. 2H, by the tightening of the fixed assembly 2AA which has a shaft 
that is adjustable by the insertion of a standard or Alan wrench. Other adjustable 
and nonadjustable connecting means can be used for adjoining 2P with 2Q such as 

15 clip-locks and other fastening means. 

[000203] The tip segment 2R of the 2P portion can be hollow in nature so as to 
allow the insertion of the corresponding needle holder tip sequence (Fig. 2J, Fig. 2K, 
Fig. 2L) shown in Fig. 21. The holder initiation assembly locks on to a conventionally 
existing needle holder by tightening the ratcheting mechanism and is adaptable to 

20 different sized needle holders. The secondary tip appendage 2R can also be hollow 
in nature and fit over the second needle tip holder portion or "jaw" sequence shown 
in Fig. 21 (including Fig. 2J, Fig. 2K, and Fig. 2L showing an ordered sequence of 
events). This tip appendage is retained by a screw mechanism 2M (element 2M as 
opposed to Fig. 2M) that can be secured onto the second needle holder tip 2BB or 

25 screw directly into a receiving cavity or hole 20 that is disposed within the needle 
holder tip 2BB. The secondary tip of the said assembly is connected to the main 
upper body of the assembly 2P by a small wire 2U or means for allowing insulated 
transmission of electrical current to the conductive surface 2V. 

[000204] As an overview explanation, the holder initiation assembly attachment has 
30 two attachment contact tips. A first attachment contact tip is element 2R, and a 

second attachment contact tip is a tip portion of element 2P. These two attachment 
contact tips fit over the needle holder tips 2W and 2BB (or insertionally receive 2W 
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and 2BB) and provide conductive surface 2V for the transmission of electricity to the 
needle body or have internally located heating elements 2.2 that provide heat for 
initiation of the needle body mechanism of activation. 

[000205] The needle holder initiation attachment can have an internal power supply 
5 2U and an optionally simple internal circuit and circuitry (not shown). Both the power 
supply and the circuit (not shown) can be located apart from the needle holder unit 
(See Fig. 2.2C) and be located at a fixed point in a different power supply unit 2.2D 
with controls 2.2E, a cord 2.2G that connects to the needle holder, and an 
attachment plug 2.2F, that corresponds to the cord. The circuit is established as 
10 understood in the art by optionally a simple circuit of the pulse width modulation 
variety or other variety so as to control the nominal amount of voltage or current 
required. The circuit and controls are preferably adapted to prevent the overheating 
or malfunction of the assembly of activation. The circuit can have a regulatory 
mechanism, for example a control switch or button 2S, or means for circuit regulation 
15 that can optionally be economically located to allow easy regulation by the operator 
in order to initiate the mechanism of activation ultimately residing in the needle. 

[000206] In a particular example, the needle holder initiation attachment is of unitary 
construction and fulfills all necessary characteristics by incorporating the needed 
assemblies into one needle holder mechanism (See Fig. 2.1 and Fig. 2.1 A). 

20 [000207] Further devices and methods for initiation of activation include but are not 
limited to the following: a container of warm water, saline, or other fluid (Fig. 2.2B), a 
hot plate (Fig. 2.2A) with an internal or external power supply (not shown), circuit 
(not shown), and heating element (not shown). 

[000208] In Figure 2.3A and Fig. 2.4B, a needle holder variation is shown. In this 
25 variation, an operator can normally insert a thumb and finger (such as a forefinger) 
through the holes of the needle holder. At or near a point where the opposing 
fingers (such as thumb and finger) tend to naturally come together, a switch is 
placed. This switch can optionally have two segments or halves and be activated by 
a clamping of the needle holder. 

30 [000209] Various combinations of configurations of the above assemblies used in 
conjunction with the mechanism of action of the needle itself can be used. 
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[000210] EXAMPLE 3. Safety suture needle with unifying element. 

[000211] Disclosed is a needle featuring a unifying element. The unifying element 
can provide reinforcement in the presence of adversely stressful forces that may 
otherwise result in cracking or dissociation of a part of the needle from another part 
5 or the remainder of the needle body. In a needle of the invention, an SMA 

component can be integrated to function as a relatively pliable shaft that is optionally 
placed centrally but nonetheless disposed along a portion or the entire length of a 
longitudinal axis of the needle. In case of accidental breakage, the shaft holds at 
least one or more broken pieces of the needle body together so as to not allow the 
10 broken pieces to fall, lodge, or be lost within a body tissue. 

[000212] EXAMPLE 4. Safety suture kits 

[000213] Kit forms of the invention are provided. A safety suture kit comprises a 
needle of the invention and suture material. Another kit comprises a needle and 
needle holder of the invention and suture material. Another kit comprises a needle, 
15 modified needle holder, and suture material. 



[000214] Table 1. Information on Fig. 1 set. 



Figure 


Information 


1E- 


Figure representing the passing of needle between two persons. 


1F- 


Figure representing the loading of needle onto a needle holder. 


1G- 


Penetration of needle through tissue. 


1H- 


Disarming of needle. 


11- 


Indicates location of general blunting mechanism during stages of activation 
sequence. 


1J- 


Represents the inactive state of mechanism. 


1K- 


Application of electrical current for activation of mechanism. 


1L- 


Application of heat for activation of mechanism. 






Element 


Information 


1A- 


Needle Tip (sharp point). 


1B- 


Suture Material. 


1C- 


Needle Body. 


ID- 


Main Lateral Cannula (Hollowed out bore). 
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[000215] Table 2. Information on Fig. 2 set. 



Figure 


i nTorrnaiion 




Existing needle holder. 


9 A 


rcignt siae view ot assemDiy 10 neeuie noiaer. 


ZD- 


Leu siae view ot assemDiy xo neeuie noiaer. 




rcignt siue view ot assemDiy. 


ZLJ- 


Leu siue view ot assemDiy. 


ZXlr 


i op view ot assemuiy, witn seconaary auacnrnent appenaage snown in top view. 




ouperior ana inTenor sections aiignea tot assemDiy. 




insenion ot ine two sections. 




joining OTtne two seciions. 


21- 


Attachment sequence of the needle holder tip and secondary tip attachment. 




Aligned sections. 


Zr\- 


oeconaary tip appenuage aiignea witn neecue noiaer tip, oegmning ot attacnment. 


2L- 


Secondary tip appendage secured. 




Secondary tip attachment mechanism. 


2.1" 


Lateral view of needle holder. 


2.1A- 


Left side view of needle holder. 


2.2- 


Cutaway view of needle holder with heating element in the tip for means of activation 
(heating element not shown). 


2.2B- 


View of a nonspecific container of hot water. 


2.2A- 


View of a nonspecific hot plate with either internal or external power supply, and 
Internal heating element. 


2.2C- 


Needle holder with power supply separate from holder unit 


2.3A- 


Side View specialized needle holder showing potential switch placement and physical 
properties. 




rront view speciauzea neeaie noiaer snowing potential switcn placement ana pnysicai 
properties. 


element 


II ITU II II all Oil 


OKI 


oeconaary tip attacnment doit. 


90 

A. 


iviouiTieu seconuary up preuiuieu noie. 


9D 


upper section ot assemDiy. 


on 


Lower section ot assemoiy. 


9D 


oeconaary tip appenaage. 


OQ 

Zo- 


Activation switcn. 


OT 


wire connector to seconaary up irom mam assemDiy Doay. 


91 1 

zu- 


Dattery power supply. 


9\/ 


L/Onuuctive surrace. 


o\ai 
z vv- 


"nmary ri66Uic nuiucr up. 


9Y 


r\iuge snowing ine eievaieu Tensioning mecnanism area. 


9Y 


r\iuge anu groove toi assemoiy reienTion on neeuie noiuer. 


97- 


"T"/"\ k\ Wrtri*7rtnf oll\/ n tr^ r\\f^f~\ rail for toncinnlnn m aphonic m 

i op nor iz.urucJiiy yiooveu idii ioi tensioning iiieoridnisrii. 


9 A A 


rixatea tensioning assemoiy. 


ODD 


i\jeeuie noiuer seconuary up. 


9 ?n. 


F-Yt<^rnal nnw/pr Qiinnlv unit 


2.2E- 


Power supply controls. 


2.2F- 


Plug connector for power supply and needle holder. 


2.2G- 


Power cord. 


2.4- 


Switch located in finger slots 


2.4A- 


Protruding activator switch body 


2.4B- 


Thumb depression switch 


2.4C- 


Vertical switch. 
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[000216] Tables. Information on Fig. 3 set. 



Figure 


iriToriTiciiion 


o- 


O /-\ I ! «-4 li~>£f nnrono^iwa i/intii «f nonoral ci iti i ro naorllo 3nr) ina/^th/o nrnfonti\/o choothinn 

oOllu leu perspective view, 01 yeneidi suture neeuie diiu uidouve pruieuuve oiieduiiny 
Doay up variation. 


3A- 


Solid left perspective view, of general suture needle and activated protective sheathing 
body. 


QUI 
OD- 


oouu nront ortnoyuridi view ui duLive oiieduiiny uuuy diiu mccuic up. 


op 

ou- 


Tronenaronl frnnt nrthr\nrtnct\ ni ltsi\A/P\/ \/i<a\A/ nf inaf*ti\/P chpathinn hnrlv anrl nPAlHIp tin 
1 IdllopdlcilL II UI 1L uiuiuyuiidi ouicavvay view ui 11 idLU vc oiiecauiiiiy uuuy cti iu iiccuic uu. 


OU- 


Qnlirl m^r nr+h»/^nr*nol \/to\A/ nf antix/atpH ch^athinn hnHv anrl nPPrllo tin 
OUIIU (cdi UI u luyui idi view ui douvcucu oi iedu 111 iy uuuy caMU 1 ICCUIC LIU. 


ot- 


0 <~> 1 fr/-\t-\+ nrfhnnnnol \/io\A/ nf i n a f^f i\/atoH choathinn hnH\f anH nparllo tin 

oouu ironi orxnuyoridi view ui niduuvdieu siieduiiiiy uuuy diiu 1 iccuic up. 


oc 
or- 


^ross sectional view ui neeuie nuiuei up puim dppeuudye. 


ir^ 


oOliu Troni view ot activated neeuie up, sriuwiriy resting snedui in relation tu yutue 
cnannei anu yuiue nuye. 


On- 


Pvnlnrlori' ienmptrip \/ip»\A/ of antnal ^hpflth 
izxuiuueu loUIHCUlU view ui nuiuai OI Iwall 1 . 


o 1- 


Ranracentinn ^ cpnmpnfQ nf chpath retraction anH PYtpn^inn in thp rpvpr^p nrncp^^ 
rxcui coci 1 ui iy 0 oeyiiieiiio ui 21 iccili 1 1 eu a^uui 1, 01 iu eAieiioiuii 111 uie levcioe ui uucoo 






tierneriL 


Infnrm atiAti 

iniuTiiiduuii 


i i 

OxJ- 


\/or*Hnal avnancinn nrnn\/o \A/ithin choath 

vertical expdnsiuii yiuuve win 111 1 siiedui. 




Qhoath aeeamhlu pvfpncinn chaff" 

oneain doserriuiy exieiioiun oiidii. 


3L- 


Figure showing the slightly blunted and rounded edges of the sheath body. 


3M- 


Resting ledge of main needle body, for resting sheath body, upon retraction. 


3N- 


Vertical opening from main needle body for raised attachment of main stem. 


30- 


Lateral ridge guide, which accompanies the vertical channel located within the sheath 
body. 


3P- 


Expanding sheath body, sliding over the needle tip. 


3Q- 


Sheath assembly. 


3R- 


Sheath retraction resting area. 
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[000217] Table 4. Information on Fig. 4 set. 



Figure 


inTorrnaiion 


4- 


Solid Left perspective view of general suture needle and inactivated shielding 
assembly. 


4A- 


Solid Left perspective view of general suture needle and activated shielding assembly. 


4B- 


Transparent front orthogonal view of general suture needle tip and inactivated 
shielding mechanism. 


4C- 


Transparent front orthogonal view of general suture needle tip and activated shielding 
mechanism. 


4D- 


Solid front orthogonal view ot general suture neeaie up ana acuvaiea snieiaing 
mechanism. 


4E- 


Solid front orthogonal view of general suture needle tip and inactivated shielding 
mechanism. 


4F- 


Cutaway transparent side view of general suture needle tip body, and sheath resting 
point aperture. 


4G- 


Solid top view of shielding assembly and cutaway extension shaft. 


4H- 


Solid bottom view of shielding assembly and extension shaft. 


41- 


Left perspective view of shielding assembly. 


4J- 


Solid Left perspective view of general suture needle and inactivated shielding 
assembly, without needle tip guard catch point. 


4K- 


Solid Left perspective view of general suture needle and activated shielding assembly 
without needle tip guard catch point. 


4L- 


Transparent front orthogonal view of general suture needle tip and activated shielding 
mechanism without needle tip guard catch point. 


4M- 


Transparent front orthogonal view of general suture needle tip and activated shielding 
mechanism without needle tip guard catch point. 


4N- 


Solid front orthogonal view of general suture needle tip and activated shielding 
mechanism without needle tip guard catch point. 


40- 


Solid front orthogonal view of general suture needle tip and inactivated shielding 
mechanism without needle tip guard catch point. 


4P- 


Cutaway side view of general suture needle tip body, and sheath resting point 
aperture without needle tip guard catch point. 


4Q- 


Solid top view of shielding assembly and cutaway extension shaft without needle tip 
guard catch point. 


4R- 


Solid bottom view ot snieiaing assemoiy ana extension snart witnout neeaie up guara 
catch point. > 


• A O 

4S- 


Lett perspective view ot snieiaing assemuiy witnout neeaie up eaten puiru. 


4T- 


oiose-up leu cutaway siae view ot resting point groove cuiu tjxiciioioiio in igicuium iu 
tne neeaie ooay, ana snown intenaea iiiconanioin 01 chaiuii, cuiu oimgmu iclciiuuh. 


Flpmpnt 


Information 


4U- 


Sheath resting point aperture on needle body. 


4V- 


Sheath assembly in general. 


4W- 


Sheath assembly extension shaft. 


4X- 


Sharp needle tip guard catch point. 


4Y- 


Slightly blunted edge of sheath. 


4Z- 


Sheath resting point extensions. 


1 4AA- 


Sheath resting point grooves. 
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Table 5. Information on Fig. 5 set. 



Figure 


Information 


5- 


Solid left perspective view, of general suture needle and inactivated protective 
sheathing loop tip variation. 


5A- 


Solid left perspective view, of general suture needle and activated protective sheathing 
loop tip variation. 


5B- 


Transparent front orthogonal view of cutaway activated loop variation. 


5C- 


Transparent front orthogonal view of cutaway inactivated loop variation. 


5D- 


Solid front orthogonal view of cutaway activated loop variation. 


5E- 


Solid front orthogonal view of cutaway inactivated loop variation. 


5F- 


Close up view of circle wire variation drawn to normal round extrusion shape. 


5G- 


Showing the resting of the protective wire body, within the nesting groove. 


5H- 


Showing the flexible properties of sheathing assembly, for accommodating extension 
and contraction of sheathing mechanism, so that the protective loop fits uniformly 
within the resting groove. 


ol- 


Transparent lateral view of secondary guide channel variation. 


Plomant 


Infnrmsfinn 


5J~ 


Secondary guide channel covering plate with secondary holes. 


5K- 


Circumferential Nesting groove for accepting loop when activated. 


5L- 


Left wire loop exit aperture for protective body extension. 


5M- 


Right wire loop exit aperture for protective body extension. 


5N- 


Preformed section of protective loop sheathing body. 


50- 


Secondary guide channel area. 


5P- 


Aperture cover plate. 
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[000218] Table 6. information on Fig. 6 set. 



Figure 


inTormaiion 


6- 


Solid left perspective view, of general suture needle and inactivated protective blunted 
wire projection tip variation. 


6A- 


Solid left perspective view, of general suture needle and activated protective blunted 
wire projection tip variation. 


6B- 


Transparent front orthogonal view of activated blunted wire projection tip. 


6C- 


Transparent front orthogonal view of inactivated blunted wire projection tip. 


6D- 


Solid front orthogonal view of activated blunted wire projection tip. 


6E- 


Solid front orthogonal view of inactivated blunted wire projection tip. 


6F- 


Left cross sectional side orthogonal view of secondary guide channel variation. 


6G- 


Solid left perspective view, of general suture needle and inactivated protective blunted 
wire projection tip, with preformed curve, and sharp point nesting area variation. 


6H- 


Solid left perspective view, of general suture needle and activated protective blunted 
wire projection tip, with preformed curve, and sharp point nesting area variation. 


61- 


Transparent front orthogonal view ot activated Diuntea wire projection tip. 


6J- 


Transparent front orthogonal view of inactivated blunted wire projection tip, showing 
the sharp point nesting area. 


6K- 


Solid front orthogonal view of activated blunted wire projection tip. 


6L- 


Solid front orthogonal view of inactivated blunted wire projection tip. 


6M- 


Transparent lateral orthogonal view ot inactivated wire tip, ana snarp point nesting 
area. 


6N- 


Orthogonal close-up view of sharp tip nesting area. 


6P- 


Solid left perspective view of the SMA inlaid into a general suture needle, can also 
rDnrpcpnt a n*=*f=»Hlp with 3 fiypH pnrhor noint ^heathino wire 

IC|JIC/Ovl 11 Ci 1 1 CCU IO Will 1 CI 1 IACU al IOI i\Jl }JUllll Oilman inivj vvii^. 


6U- 


Rear Left perspective view of general needle, with in laid Nitinol wire. 


Element 


Information 


60- 


Secondary guide channel. 


6Q- 


Blunted extension preformed curve. 


6R- 


Blunted extension of main lateral extension wire. 


6S- 


Blunted tip portion. 


6T- 


Attached extension wire. 



I 
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[000219] Table 7. Information on Fig. 7 set. 



Figure 


Information 


7 


Solid left perspective view, of general suture needle and inactivated protective non- 
preformed wire loop projection variation. 


7A- 


Solid left perspective view, of general suture needle and activated protective non- 
preformed wire loop projection variation. 


7B- 


Transparent front orthogonal view of activated wire loop projection. 


7C- 


Transparent front orthogonal view of inactivated wire loop projection. 


7D- 


Solid front orthogonal view of activated wire loop projection. 


7E- 


Solid front orthogonal view of activated wire loop projection. 


7F- 

l> 


Solid left perspective view, of general suture needle and inactivated protective non- 
preformed wire projection, with permanent lateral fixation of distal wire projection 
variation. 


7G- 


Solid left perspective view, of general suture needle and activated protective non- 
preformed wire projection, with permanent lateral fixation of distal wire projection. 


7H- 


Transparent front orthogonal view of activated wire projection, with permanent 
lateral fixation of distal wire projection. 


71- 


Transparent front orthogonal view of inactivated wire projection, with permanent 
lateral fixation of distal wire projection. 


7J- 


Solid front orthogonal view of inactivated wire projection, with permanent lateral 
fixation of distal wire projection. 


7r\r 


ooiio Tront ortnogonai view ot mactivatea wire projection, wnn permanent lateral 
nxation ot uistai wire projection. 


71 

/ L- 


uiose up perspective view ot projection wire loop. 


/ M- 


L/ioss-secnonai siue view ot lateral seconaary cnannej placement toi wiie locauui i. 


7M- 


Oloc^-i in \/i£a\A/ chnwinn attach m<ant tn irisln Qliripr nr PYtpriQinn hnriv 
uiuoc up view oi hjvvii ly diidisi ii i ici 11 lu iiictiii giiuci \ji CAici ioiui i uuuy. 


70- 


Lateral transparent close up view distal wire fixation point. 


Element 


Information 


7P- 


Nesting channel for activated retracted projection wire. 


7Q- 


Secondary Channels. 


7R- 


Projection wire. 


7S- 


Guide channel. 


7T- 


Connection of projection loop to extension shaft or mechanism of action assembly. 
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[000220] Table 8. Information on Fig. 8 set. 



Figure 


Information 


8- 


Solid left perspective view, of general suture needle and inactivated protective Break 
away tip variation. 


O A 

8A- 


Solid left perspective view, of general suture needle and activated protective Break 
away tip variation. 


8B- 


Transparent front orthogonal view of activated break away tip. 


8C- 


Transparent front orthogonal view of inactive break away tip. 


oU- 


Transparent front silhouette view of extension and retraction sequence, of break 
away needle tip design. 


ot- 


Solid front orthogonal view of activated break away tip. 


or- 


Solid front orthogonal view of inactivated, break away tip. 


Element 


Information 


OO' 


oiuoc-up ui iTiaiii biiuot cxiciibiuii, uifcci oivi/A point, Tiexiuie iTicrTiDGr, aiiu or otner 
attachment configuration. 


8H- 


Represents the break away, and intended free movement. 


81- 


Attachment point for flexible member extension within needle point. 


8J- 


Flexible member extension. 


8K- 


Flexible member attachment point to main slider extension. 


8L- 


Break away tip main body. 


8M- 


Blunted edge of main distal main needle body. 



[000221] Table 9. Information on Fig. 9 set. 



Figure 


Information 


9- 


Properties of Shape memory alloy in relation to needle mechanism. 


9A- 


Showing the SMA mechanism at rest and then activation. 


9B- 


Showing the shape memory effect of the Shape Memory Alloy mechanism. 


9C- 


Showing the activation and deactivation properties of the SMA mechanism. 


9D- 


Showing the relation of the SMA mechanism in relation to the activation of the 
blunting mechanism. 


9E- 


This vertical area denotes the location of the blunting mechanism either prior to or 
during activation of the particular mechanism. 


9F- 


This vertical area denotes the location of the blunting mechanism either prior to or 
during activation of the particular mechanism. 


9G- 


This vertical area shows the length of the SMA mechanism relative to the spring 
extension and or contraction of mechanism and its length during each phase. 


Element 


Information 


9H- 


Inactive SMA with extension spring and mechanism properties. 


91- 


Activated SMA with extensions spring and properties. 


9J- 


Deactivated SMA with extension spring and properties. 


9K- 


Corresponds to 9H showing the relation of the mechanism to the blunted portion of 
the mechanism in relation to a general suture needle shape. 


9L- 


Corresponds to 91 showing the relation of the mechanism to the blunted portion of 
the mechanism in relation to a general suture needle shape. 


9M- 


Corresponds to 9 J showing the relation of the mechanism to the blunted portion of 
the mechanism in relation to a general suture needle shape. 


9N- 


SMA at inactive deformed state. 


90- 


SMA returning to preformed state upon activation. 


9P- 


Corresponds to 9N showing the relation of the mechanism to the blunted portion of 
the mechanism in relation to a general suture needle shape. 


9Q- 


Corresponds to 9N showing the relation of the mechanism to the blunted portion of 
the mechanism in relation to a general suture needle shape. 
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[000222] Table 10. Information on Fig. 10 set. 



Figure 


inTormaiion 


10- 


Broad figure of parts. 


1 0I- 


Assembly in relation to needle body assembly (not all variations shown). 


IO J- 


Assembly in relation to needle body assembly (not all variations shown). 


10K- 


Assembly in relation to needle body assembly (not all variations shown). 


10L- 


SMA Shape memory application assembly in relation to needle body assembly 
(not all variations shown). 


10.1AA- 


Break away one time use mechanism, SMA loop with retention crossbar variety. 


10.1AB- 


Side view, break away one time use mechanism, SMA loop with retention crossbar 
variety, inactivated view (spring not shown). 


1 0.1AC- 


Break away one time use mechanism, SMA loop with retention crossbar variety, 
inactivated side view (spring not shown). 


10.1AD- 


Break away one time use mechanism, SMA loop with retention crossbar variety, 
activated side view (spring shown extended & divided for clarity). 


10.1B- 


Break away one time use mechanism, SMA loop with crimped retention area. 


1 0.1 BA- 


Break away one time use crimped retention mechanism, inactivated. 


KU BB- 


Break away one time use crimped retention mechanism, side view, inactivated. 


10.1BC- 


Break away one time use crimped retention mechanism, activated. 


10.1C- 


Break away one time use mechanism with glued in SMA spring into retention area. 


10.1CA- 


Break away one time use retention mechanism, with glued in SMA spring into 
retention area, inactivated. 


10.1CB- 


Break away one time use retention mechanism, with glued in SMA spring into 
retention area, side view, inactivated. 


10.1CC- 


Break away one time use retention mechanism, with glued in SMA spring into 
retention area, side view, activated. 


a r\ A |-\ 

10.1D- 


Break away one time use mechanism, with lateral SMA wire fixated with a vertical 
retention focus area to slider plate, inactivated. 


10.1DA- 


Break away one time use mechanism, with lateral SMA wire fixated with a vertical 
retention focus area to slider plate, front view, inactivated. 


10.1DB- 


Break away one time use mechanism, with lateral SMA wire fixated with a vertical 
retention focus area to slider plate, front view inactivated. 


1 0.1 DC- 


Break away one time use mechanism slider plate, inactivated, top view. 


1 0.1 DD- 


Break away one time use mechanism slider plate, activated, top view. 


a r\ hp 

10.1E- 


One time use break away mechanism, with preformed SMA bend for retention. 


1 0.1 bA- 


One time use break away mechanism, with preformed SMA bend for retention, 
side view, activated. 


1 U.l fcb- 


One time use break away mechanism, with preformed SMA bend for retention, 
siue view, activated ^spring snown exploded, Tor cianiy/. 


i u. t r- 


une time use ureaK away rnecnamsm wnn oivim piaie ^series or views;. 


1 U. 1 rA- 


Side view of inactivated one time use break away mechanism with an SMA plate. 


l u. irK- 


i op view ot inactivaiea piaie snowing tne retaining ooay, sioppea. 


l u. i ru- 


oiue view ot activated one time use oreaK away mecnanism wnn an oivia piaie. 


in -1 en 
1 u. tru- 


top view ot acuvaiea piaie snowing me opening ot tne piaie upon acuvauon. 


Clements 


inTor maiion 


in A. 


oiviM wnn variations ana properties, ^imoi an snownj. 


1 UD" 


r^roximai ena connection point witn variations anu properties ^noi an snowny. 


I uo- 


oenerai extension spring ^variations not snown;. 


IUU- 


uenoies a connection point or connector piaie 


10E- 


Fvtpn^inn ^haff or ^MHpr with x/ariatinn^ fnnt all ^hnwn^ 


10F- 


Conduction wire with variations (not all shown). 


10G- 


Denoted insulating layer. 


10H- 


Shirt retraction spring, with variations (not ail shown). 


10.1AE- 


Crossbar. 


10.1AF- 


Cross bar support. 


10.1AG- 


Slider plate. 


10.1AH- 


Crossbar aperture. 
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10.1AI- 


Extension spring. 


10.1BD- 


Crimping area. 


10.1BE- 


Slider plate. 


10.1CD- 


Slider plate. 


10.1CE- 


Retention area. 


10.1CF- 


Focus of glued area. 


10.1DE- 


Retention focus joint. 


10.1DF- 


Retention focus joint, fixation depression. 


10.1DG- 


Guide channel. 


10.1DH- 


Slider plate with guide channel. 


10.1DI- 


Extension spring. 




Retention bend in SMA wire. 


10.1FE- 


SMA plate. 


10.1FF- 


Aperture. 


10.1FG- 


Retention body. 


10.1FH- 


Slider plate. 


10.1FI- 


Extension spring applicable to this mechanism. 



[000223] Table 11. Information on Fig. 11 set. 



Figure 


Information 


11- 


Side view of top and bottom connection point options. 


11A- 


Top view of top bottom connection point option. 


11AA- 


Cross sectional view of separated top bottom conduction point options. 


11B- 


Side view of top and full needle body conduction point options. 


11C- 


Top view of separated top bottom conduction point options. 


11CA- 


Cross sectional view of separated top and full needle body conduction point 
options. 


11D- 


Side view of 3 piece conduction point options. 


11E- 


Top view of separated 3 piece conduction point option. 


11EA- 


Cross sectional view of separated 3 piece conduction point option. 


Element 


Information 


11F- 


Transverse cannula. 


11G- 


Entire length top bottom 


11H- 


Ring fixation with adhesive. 


111- 


Glue and teeth fixation. i 


11J- 


Glue only fixation. 


11K- 


Other standard crimping fixation. 


11L- 


Grasping teeth close-up cross-sectional view. 


11M- 


Midline ring. 


11N- 


Top plate. 


110- 


Bottom plate. 


11P- 


Left side panel. 


11Q- 


Right side panel. 


11R- 


Contact, joining point, (not shown in all figures) 


11S- 


Joining ring. 


11T- 


Ring side view. 


11U- 


Joining space. 


11V- 


Joining teeth. 
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[000224] STATEMENTS REGARDING INCORPORATION BY REFERENCE AND 
VARIATIONS 

[000225] All references throughout this application, for example patent documents 
including issued or granted patents or equivalents; patent application publications; 
5 and non-patent literature documents or other source material; are hereby 
incorporated by reference herein in their entireties, as though individually 
incorporated by reference, to the extent each reference is at least partially not 
inconsistent with the disclosure in this application (for example, a reference that is 
partially inconsistent is incorporated by reference except for the partially inconsistent 
10 portion of the reference). 

[000226] Any appendix or appendices hereto are incorporated by reference as part 
of the specification and/or drawings. 

[000227] Where the terms "comprise", "comprises", "comprised", or "comprising" are 
used herein, they are to be interpreted as specifying the presence of the stated 
15 features, integers, steps, or components referred to, but not to preclude the 
presence or addition of one or more other feature, integer, step, component, or 
group thereof. 

[000228] The invention has been described with reference to various specific and 
preferred embodiments and techniques. However, it should be understood that 

20 many variations and modifications may be made while remaining within the spirit and 
scope of the invention. It will be apparent to one of ordinary skill in the art that 
compositions, methods, devices, device elements, materials, procedures and 
techniques other than those specifically described herein can be applied to the 
practice of the invention as broadly disclosed herein without resort to undue 

25 experimentation. All art-known functional equivalents of compositions, methods, 
devices, device elements, materials, procedures and techniques described herein 
are intended to be encompassed by this invention. Whenever a range is disclosed, 
all subranges and individual values are intended to be encompassed. This invention 
is not to be limited by the embodiments disclosed, including any shown in the 

30 drawings or exemplified in the specification, which are given by way of example or 
illustration and not of limitation. 
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[000229] REFERENCES 

[000230] US 5437681; 5540705; 5728108; 6,832,478 by Anderson, etal. issued 
December 21, 2004; 5,947,983 by Solar, et al. issued September 7, 1999; 
6,641,593 by Schaller, etal. issued November 4, 2003; 6,641,564 by Kraus issued 
5 November 4, 2003; 20040068242 by McGuckin, James F. JR. published April 8, 
2004; 4,926,860 by Stice, et al. issued May 22, 1990. 
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[000231] US patent documents: 



Patent 




Issue/Publication 


Document No. 


Inventor 


Date 


269,468 


Rounds 


12/19/1882 


1,327,577 


Turner 


6-Jan-1920 


1,689,889 


Nunes 


24-Feb-1927 


1,844,364 


Lowrie 


12-Jan-1931 


2,581,114 


Larson 


13-Apr-1950 


2,706,987 


Bramstedt 


12-Oct-1952 


2,928,395 


Forbes et aL 


20-Jun-1957 


2,936,759 


Yuhas 


3-Oct-1957 


3,212,502 


Myers 
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